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SYNOPSIS 


The effects of the major operating variables on gas/solid temperature differences in the stock column of 


the blast-furnace have been calculated. 


These data have been used in a consideration of the question of the 


extent to which the high-temperature heat requirement, as against total heat requirement, is an overriding 


factor in carbon efficiency. 


high hearth temperatures is this probably the case for modern furnaces. 


It is concluded that only for low slag volumes, low blast temperatures and 


Even then the increase in carbon 


requirements is small, and conclusions drawn on the basis of the overall heat balance require little modification. 
The general effect of the operating variables on the vertical temperature gradient in the stack column has 


been deduced from the gas/solid temperature differences. 


It is considered significant that the same conditions 


known to give sticking and irregular stock movement give a steeper temperature gradient in the lower 


part of the furnace. 


carbon deposition zone, is believed to be the cause of this irregular stock descent. 


The consequent downward displacement of the slag fusion zone, and possibly also of the 


Lowering the blast 


temperature is the usual remedy, but this means sacrificing the theoretical carbon economy of high blast 


temperatures. 
oven gas is attractive from a technical point of view. 


Introduction 


HE influence of operating conditions on the type of 
reduction and the carbon rates in blast-furnaces 
has been examined in a recent paper.! That 

analysis was based on the overall thermal and chemi- 
cal requirements of the process. Conditions were 
calculated under which these requirements were 
satisfied, and an overall thermal and chemical balance 
was established. The conclusions were subject to two 
qualifications. Firstly, to supply the total energy 
requirements of the process is not enough; the 
energy potential must be sufficiently great to effect 
the necessary transfer from gas to stock. In certain 
cases this could be an overriding factor, and con- 
clusions based on the overall thermal balance might 
require qualification. Secondly, in certain types of 
practice, the theoretical advantages of high blast 
temperatures cannot be realized, because of irregular 
stock movement and poor driving. The cause of this 
is obscure, but there is reason to believe that it is 
bound up with the vertical temperature gradient in 
the furnace. These two problems are, therefore, 
different facets of the same problem—the transfer of 
heat from the ascending gas to the descending stock. 
The importance of thermal potential as a factor in 
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Other methods of raising the slag fusion zone are considered, but only the addition of coke- 


the economy of the blast-furnace was first pointed out 
by Johnson,? who postulated that the heat available 
above the temperature of the hearth, in relation to 
heat requirements, was the governing factor in 
furnace economy. How far this theory holds for the 
large modern furnace using hot blast is largely a 
matter of conjecture. Analysis of the operation of 
one such furnace on a rich ore burden indicated that 
hearth heat demand was the controlling factor. It 
may be argued, however, that this is more probably 
the case for rich than for lean burdens. The heat 
requirements of the high-temperature endothermic 
reactions, direct reduction of iron oxide, silica and 
phosphorus pentoxide, are a greater proportion of the 
total for a rich ore burden. Furnaces operating 
leaner burdens are probably controlled not by high- 
temperature heat requirements, but by the overall 
thermal demands. Other operating factors, such as 
the silicon and phosphorus contents of the iron, 
hearth temperature, and type of ore, also affect the 
distribution of the total heat requirements in the 
high- and low-temperature regions, and blast 
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temperature similarly affects the proportioning of the 
heat supplied. 

The effect of these and other factors on the thermal 
potential between gas and burden in the furnace has 
been examined quantitatively. The basis of the 
analysis is that of Johnson’s critical hearth tempera- 
ture theory.2. To put this theory on to a quanti- 
tative basis is extremely difficult. The blast-furnace 
is a unit working on the counter-current principle 
with solid (and liquid) stock continuously descending 
against an ascending stream of hot reducing gases. 
The available heat in the hearth must be considered 
in relation to its thermal requirements, and the 
problem is how to calculate these. What is the 
temperature of the downcoming stock as it crosses 
that hypothetical boundary of the hearth ? To what 
extent do reduction of silica and phosphorus pent- 
oxide, direct reduction of iron oxide, solution of 
carbon in iron, and slag formation, with the accom- 
panying thermal effects, take place within this ill- 
defined hearth zone? There is no answer to these 
questions, and the best that can be done is to choose 
a stock temperature level and calculate the heat 
requirements between that and the temperatures of 
the outgoing products, slag and iron. The choice of 
the stock temperature level must be quite arbitrary, 
and since the comparison between different practices 
may well depend on the level chosen, it should be 
made at more than one temperature. 


BASIS OF CALCULATIONS 

In the following calculations, stock temperature 
levels of 1350°, 1050°, 900° and 700° C. have been 
assumed, and the corresponding temperatures of the 
ascending gas were calculated. The temperature dif- 
ferences are then a guide to the rate of transfer of 
heat at that particular level. If this were the only 
factor, the minimum temperature differences for a 
desired rate of transfer of heat could be used to 
calculate carbon rates, but the transfer of heat depends 
on a number of other factors, notably the size and 
grading of the burden. Furnas* and Saunders‘ have 
studied this problem, but have been able only to 
relate the effect of size and size grading to heat 
transfer from a gas to a bed of broken solids in the 
simplest cases, of which the blast-furnace is not one. 

Total heat contents of the stock at hearth tempera- 
ture and the various assumed temperature levels are 
first obtained. The heat absorbed between any 
temperature level and the hearth temperature is the 
difference in the total heat contents, plus any thermo- 
chemical changes, plus radiation and cooling losses. 

It is the allocation of these changes and the pro- 
portioning of the radiation and cooling losses which 
represents the most difficult problem. This has 
largely governed the choice of the assumed stock 
temperature levels as representing approximately the 
limits of some of the most important reactions. 
Reduction of phosphorus, silicon and manganese 
from their minerals is considered to take place above 
1350° C. Slag formation and solution of carbon in 
iron are assumed to occur between 1050 and 1350° C., 
and decomposition of limestone between 700 and 
900° C. 

The temperature range for direct reduction of iron 
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oxide is especially difficult to assess. Direct reduction 
is the reduction of iron oxide (assumed to be FeQ) 
by means of coke carbon either through the reaction : 
FeO + C + Fe + CO, or by the reactions : 
FeO + CO — Fe + CO,; C + CO, > 2CO. 

If both ore and coke are solid, only the second pair 
of reactions need to be considered, and they are 
governed by the CO/CO, equilibrium over carbon. 


For gas containing 60° of nitrogen, at a pressure of 


one atmosphere, the equilibrium CO, concentrations 
are 5-6% at 800° C., 2-5% at 840°C., and 0-9% at 
900°C. The CO, concentration at the 800° C. level 
in the blast-furnace is unlikely to exceed 5-6°,, and 
direct reduction probably becomes appreciable only 
above 850-900°C. The lower limit for direct 
reduction has therefore been set at 900°C. Samples 
taken in the blast-furnace®-® have shown that iron 
oxide persists well down into the bosh, but since 
reduction of iron oxide in liquid slags by solid carbon 
is very rapid,’ 1350° C. has been taken as the upper 
temperature limit. Direct reduction must also be 
apportioned between the 900-1050° C. and the 1050- 
1350° C. zones. One-third is assumed to take place in 
the lower, and two-thirds in the higher temperature 
zone. There is a further complication in regard to 
direct reduction, since the reactions CaCO, — CaO 
CO, and CO, + C + 2CO are equivalent to direct 
reduction of iron oxides. For the overall thermal 
balance it is immaterial whether the carbon dioxide 
reacting with carbon is assumed to come from cal- 
cination of limestone or reduction of iron oxide with 
carbon monoxide. It does, however, affect the 
distribution of the thermal changes between the 
different temperature zones. If it is assumed that 
direct reduction above 900°C. is via the reactions 
FeO + CO — Fe CO, and C + CO, > 2CO, the 
heat of reaction is 38-2 Cal./mole of carbon. 
If the reactions assumed are: CaCO, > CaO + CO, 
and C + CO, - 2CO, the heat of reaction is — 83-3 
Cal./mole of carbon. The effect of this will be 
discussed later. As already stated, in these cal- 
culations calcination of limestone is assumed to 
be complete at 900°C., and direct reduction is 
caused by iron oxide. Direct reduction is expressed 
as FeO(C)% and represents the percentage of iron, 
as FeO, corresponding to the amount of carbon used 
in direct reduction, assuming the reaction to be 
FeO + C > Fe + CO. 

Indirect reduction of iron oxide is assumed to take 
place in two stages: (i) Fe,O, to FeO below 700° C., 
and (ii) FeO to Fe between 700 and 900°C. In 
practice, these overlap, and there must be some 
indirect reduction of FeO above 900° C. to provide at 
least the equilibrium CO, concentration of 0-9°, in 
contact with carbon at that temperature. The 
thermal changes involved are small, and any errors 
thus introduced are insignificant. 

The effect of the carbon deposition reaction has not 
yet been taken into account, but that it could be 
important is shown by the thermal changes associated 
with the reactions, viz.: 2CO + C + CO, + 41 Cal., 
and FeO + C > Fe + CO, — 38-2 Cal. 

The net effect is that of indirect reduction, but 
whereas carbon deposition takes place principally 
between 450 and 600° C., the subsequent reaction 
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between the deposited carbon and iron oxide takes 
place at about 750° C.® In this case more heat is 
absorbed above 700° C., and less below, than for 
straightforward indirect reduction. Consequently 
the gas/solid temperature difference at the 700° C. 
level would be less when carbon deposition occurs. 
Since there is no data on which to base an assessment 
of the probable extent or variability of the carbon 
deposition reaction in the blast-furnace, no values 
have been calculated to illustrate this, but the general 
effect should be remembered. Evaporation of water 
and decomposition of ferrous carbonate are assumed 
to be completed below the 700° C. stock isotherm. 

Finally, there is the problem of the radiation and 
cooling losses. The magnitude of these has been 
discussed,! and 18 Cal. per mole of iron taken for the 
case of a slag weight of 50°, of that of the iron, with 
correspondingly higher values for leaner burdens 
because of the lower rate of production. There are 
no really reliable data for modern furnaces, and the 
same values have been used in the present calcu- 
lations. The distribution of these losses over the 
various temperature zones can be no more than 
intelligent guesswork. Using Marshall’s work® as a 
guide, the figure of 18 Cal. has been apportioned as 
follows : 

Temperature zone, “C.: 0-700; 700-900; 900 

1050; 1050-1350; 1350-1500. 

fadiation and cooling losses. Cal. : 
6-0; 6-5. 


l-5: 1-5: 2-5; 


The total losses for other values are allocated in the 
same proportions. 

As a basis of comparison the top-gas CO/CO, is 
taken as the criterion of efficiency, and most of the 
examples are calculated for a ratio of 1-5 as represen- 
ting a high, but by no means unattainable, efficiency. 
The carbon requirements and proportions of direct 
and indirect reduction for each calculation are those 
previously calculated from the overall thermal 
balance. It has been necessary to make minor 
adjustments to these figures because of one or two 
alterations in the data used in the calculations. For 
instance, in the former calculations phosphorus was 
assumed to be present in the burden as phosphorus 
pentoxide, whereas it must be present as a phosphate, 
though which phosphate is uncertain. From the 
point of view of the overall thermal balance, and for 
comparative purposes, it mattered little, but it is more 
important when the thermal changes in different 
zones of the furnace are under consideration. For the 
present purpose phosphorus is assumed to be there as 
apatite. Similarly, the heat of formation of slag was 
ignored in the previous calculations, but it must be 
considered in the present problem, and a value of 
3 Cal. per mole of iron for a 50° slag was taken. 
These differences from the cases considered in the 
previous paper? are summated and the necessary 
corrections made, using the following factors. An in- 
crease of 10 Cal. in thermal requirements necessitates 
an increase of 0-16 mole of carbon per mole of iron, 
a decrease of 6°/ in FeO(C). 


EXAMPLE OF CALCULATIONS 
The thermal data used are summarized in the 
Appendix and the following is a typical calculation : 
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Assumed Conditions 


lron analysis : 
C,° P,% Si,% Mn,‘ 


1-0 1-5 1-0 1-0 (Fe 100°.) 
Slag volume: 50°, of weight of iron (Fe) 
Slag composition : 
SiO, ,% FeO,% MnO,‘ Cad MgcO,% Al,O 
35-0 1-0 2.0 12-0) 3.0 17-0 
10-0 of CaO from limestone; 2-0 from 


remainder of burden. 
Moisture in burden (including coke): 4 


Vapour pressure of air blast : 7 mm. 

Air-blast temperature : 750°C. 

Hearth temperature: Slag, 1450° C.:; iron, 1400° ©. 
Radiation and cooling losses: 18 Cal. mole of Fe 


200" C. 
1-5. 
Calculated carbon requirements : 
Total carbon: 5-17 mole mole of Fe 
Carbon dissolved in iron, reduction of SiO.,. ete. : 


Top-gas temperature : 
Top-gas CO/CO, ratio: 


0-31 mole mole of Fe 

Carbon for smelting of iron oxide: 2-86 mole mole 
of Fe 

Direct reduction, FeO(C): 43 


2-43 mole mole of Fe 
Total Heat of Stock per Mole of Tron (Fe) 
Hearth level : 


Carbon burnt at tuyeres : 


Iron LY-S Cal 
Slag ASD aaa ee eats 12-0 
Carbon (2-48 mole) at 1450) ©, 17-5 
Total eae “at ae wae 19-3 
1350° C. level: 
Iron pad ae ee ary «ce 2857 Cal. 
Slag ne aia wee ons cee SORE. 
Carbon, including 0-12 mole for re 
duction of SiO,.. ete. sacs ee 16-7 
Apatite, etc.. from which P. Si, and 
Mn are reduced 1-8 
Total ae ews wa ica (DES 
1050° C. level (28 of Fe as unreduced 
FeQ): 
Iron 7-1 FeO 4-0 ... = ov» Fach Cal. 
Slag constituents eee one ees fice 
Carbon, including 0-19 mole dissolved 
in iron plus 0-28 mole reacting with 
FeO Rane «es “es vy 14-7 
Apatite, etc. ... are Sas tee 1-2 
Total ..: Bee oe cn, eS 
900° C. level (43°, of Fe as unreduced FeO): 
Iron 4-6 FeO 5-2 ... my eg 9-S Cal. 
Slag constituents apatite, ete. ass 7:1 
Carbon (including 0-43 mole for redue- 
tion of FeO)... 12-7 
Total ... oo Ae ies a6 
700° C. level: 
Iron as FeO ae ane —- was 9-3 Cal 
Limestone gangue ... red ne 7-4 
Carbon (8-26 mole)... ae Gre 9.2 
Total ..: aA . 25-9 


Heat absorbed between any temperature level and 
the hearth is given by difference in total heats plus 
heats of reaction plus radiation and cooling losses : 


Heat absorbed above 1350° C. 1-6 

8-4 (formation of P, Si, Mn) 6-5 

(cooling ) ae aa ee es 16-5 Cal 
Heat absorbed above 1050° C. 15-0 

8-4 (P, Si, Mn) 12-5 (cooling ) 

10-7 (FeO C) 3-0 (heat of 

formation of slag) ike Spe in 13-6 Cal. 
Heat absorbed above 900° C. 19-7 

8-4 (P. Si, Mn) 15-0 (cooling) 

16-4 (FeO C) 3-0 (slag) an 56-5 Cal. 
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Heat absorbed above 700‘ C. 23-4 

8-4 (P, Si, Mn) 16-5 (cooling) 

16-4 (FeO + C) — 3-0 fee — |- 

(FeO + CO) + 8-5 (calcination of 

CaCO,) ce ee sae nS 68-5 Cal. 
Heat absorbed above 0°C. = 49- 

8-4 (P, Si, Mn) 1s 0 fae 

16-4 (FeO + C) — 3-0 (slag) — 1-7 

(FeO CO) + 8-5 « ‘aCOs) 3-9 

(evaporation of water) 1 "2 (Fe.O; 

+ CO) bas pee ck ao 101 Cal. 


Considering the heat in the gases ascending the 


furnace, the heat of reaction of carbon burnt in air 
containing 7 mm. of water vapour is 25-7 Cal./mole, 


the sensible heat of air for combustion at a blast 
temperature of 750°C. is 13-1 Cal./mole, and the 
sensible heat of carbon at 1450° C. is 7-2 Cal./mole. 
The total heat from 2-43 mole of carbon burnt at 
tuyeres is 111-8 Cal. The volume of gases is 156 
litres. 
1350° C. level : 
Total heat of gases is 111-8 
16-5 
Volume 


ban ise 95-3 Cal. 
156 - -6 


of gases is 


(from formation of P, Si, Mn 158-6 litres 
Sensible heat of gas ‘i 600 cal. /litre 
Corresponding gas tempe rature. 1I710°C, 

1050° C. level : 
Total heat of gases is 111-8 

43-4 cok sea a ... = 68-4 Cal. 
Volume of gases is 158-6 + 6-1 

(from FeO C) 164-7 litres 
Sensible heat of gas ees 415 cal. /litre 
Corresponding gas temp rature = 1220°C., 

900° C. level : 
Total heat of gases is 111-8 — 

56-5 : chm ae boy 95-3 Cal. 
Volume of gases is 158-6 9-6 . 

(FeO + C) 168 -2 litres 
Sensible heat of gas 5% 329 cal. /litre 
Corresponding gas temper: ature 900° C, 


Table I 
CALCULATED GAS/SOLID TEMPERATURE DIF- 





























OF 


GAS/SOLID TEMPERATURE 
700 C. level : 
Total a at of gases is 111-8 
68 - - - sos, 2 40-0 Gal. 
Velueae of gases i is “168 « f 


(from CaCO,) 172-7 litres 
Sensible heat of gas ; 251 cal. /litre 
Corresponding gas temperature 730°C 

0° C. level : 
hohe) heat of gases is 111-8 

101-0 10-8 Cal. 
Volume of gases ae ee 172-7 litres 
Sensible heat of gas vie 62-5 eal. /litre 
Corresponding gas te mpe rature 200° C. 


CALCULATED GAS/SOLID TEMPERATURE 
DIFFERENCES 

Similar calculations have been made for a number 
of different cases to illustrate the effects of slag volume, 
blast temperature, hearth temperature, etc. The 
results are given as gas/solid temperature difference, 
at the various assumed stock temperature levels, in 
Tables I-VII. Also included are the carbon require- 
ments and the amount of direct reduction expressed 
as FeO(C)%. Radiation and cooling loss for a 150% 
slag volume is taken as 27-5 Cal. per mole of iron, 
which corresponds to the 18 Cal. for a 50% slag 
volume, and the moisture content of the burden 
as 6%. The variables are shown in each table ; 
otherwise the conditions are those given. 

Reference to the tables shows that all the cases 
considered have one feature in common, 7.e., the 
temperature differences are greatest at about the 
hearth level, decreasing more or less steadily to a 
minimum at the 700°C. level. The temperature 
difference at the stock line is constant, this being one 
of the assumed conditions. In one case the tempera- 
ture difference at the 700°C. level is negative, 
representing an impossible condition, but, of course, 
these figures have only a comparative value. 

The effect of different variables can be considered 
individually. 

Slag Volume—Temperature differences for 50% 
and 150° slags, corresponding approximately to 





























FERENCES (°C.) TO ILLUSTRATE CHANGES IN g,,, P Ss ee a 5 a MMEwioiky. “ato 
SLAG VOLUME, TOP-GAS CO/CO, RATIO, AND 9-cwt. and 27-cwt. slag volumes respectively, are 
BLAST TEMPERATURE given in all tables, with the exception of Table V. 
As already demonstrated on general grounds, the 
Top-Gas CO/CO, Ratios higher slag volume shows the higher gas/solid tempera- 
Stock Temperature "Ee B 15 5 ture differences. The increase over those for the low 
nae, slag volume is most pronounced at the 1050° C. and 
50% Slag | 150% Slag ; 
Table II 
a Temperature 750° C. CALCULATED GAS/SOLID TEMPERATURE DIF- 
+e pon a = FERENCES (°C.) TO ILLUSTRATE THE USE OF 
NATE AND c Y iS 
900 80 60 300 230 CARBONATE AND OXIDE ORES 
700 30 30 140 90 | : 
0 200 «210 | 200 200 a 
Stock Temperature Fe,O, FeCo, Fe,O, FeCo, 
Carbon, Ib./Ib. of Fe | 0-678 0-790 | 0-907 1-06 Level, °C. won A e.0, Feo, 
FeO(C), % 43 65 24 56 50%, Slag 150%, Slag 
Blast Temperature 450° C. 
1350 160 200 180 210 1350 ; 360 380 380 400 
1050 50 40 200 180 1050 170 280 330 380 
900 10 —10 200 150 900 80 200 300 370 
700 0 —30 90 40 700 30 160 140 240 
0 190 200 200 200 0 200 200 200 190 
Carbon, Ib./Ib. of Fe | 0-725 0-847 | 0-980 1.15 Carbon, Ib./Ib. of Fe | 0-678 0-751 | 0-907 0-978 
FeO(C), % 34 57 11 45 FeO(C), o ‘ 43 41 24 25 
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900° C. levels, less so at the 700°C. level, and is 
quite small at the 1350° C. level. 

Blast Temperature—The comparison between a 
750° C. and a 450° C. blast temperature is given in 
Table I. As is to be expected the lower air-blast tem- 
perature results in a smaller temperature difference 
throughout. The decrease in temperature difference 
is greatest at 1350° C. and least at 700°C. It may be 
noted that, except at 1350°C., the calculated differ- 
ences for a 50°, slag and 750° C. air blast are less than 
for a 150%, slag and 450° C. air blast. 

Top-Gas CO/CO, Ratios—Data for a 1-5 and 2°5 
top-gas CO/CO, ratio are given in Table I. A change 
in top-gas ratio is an effect rather than a cause ; it is 
the change in the percentage of direct reduction which 
causes the alteration in the top-gas CO/CO, ratio. 

Direct Reduction—The proportion of direct reduc- 
tion varies with the thermal balance, so that the 
variations in slag volume, blast temperature, etc., are 
all accompanied by alterations in this proportion. 
Unlike the example quoted from Table I, these 
variations in direct reduction are the result of altera- 
tions in the thermal balance, and not a cause. The 
example in Table I shows that the effect of varying 
direct reduction on the temperature differences is 
small, particularly at low siag volumes. The 
explanation of this rather surprising result is that an 
increase in direct reduction requires an increase in the 
carbon burnt at the tuyeres to maintain the thermal 
balance ; evidently the corresponding increase in 
high-temperature heat must be approximately equal 
to the increase in high-temperature thermal require- 
ments, result ‘ng from the increase in direct reduction. 

One aspect of direct reduction is important in this 
respect, namely, whether it is caused by unreduced 
iron oxide or undissociated calcium carbonate. As 


pointed out earlier the absorption of heat is greater 


in the latter case. The effect will be to decrease the 
gas/solid temperature differences at the 900° C. level. 
It is assumed that even if dissociation is incomplete 


at 900° C., it will be complete at the next higher 


level, 1050° C. In a specific example, for 47°, direct 
reduction, if one-third is assumed to be caused by 
calcium carbonate rather than by ferrous oxide, the 
gas solid temperature difference at the 900° C. level is 


Table III 
CALCULATED GAS SOLID TEMPERATURE DIF- 
FERENCES (°C.) TO ILLUSTRATE CHANGES IN 
HEARTH TEMPERATURE 





Hearth Slag Temperature, C.* 





| 
| 
| 
| 
| 








Stock Temperature 1450 1550 1450 ‘1550 
Level, C 
50°,, Slag 150°, Slag 
| 
1350 | 360 300 | 380 310 
1050 | 170 130 330 280 
900 | 80 60 300 =. 280 
700 | 30 50 | 140 120 
0 200 »=200 | 200 ~~ §8 190 
| 


Carbon, Ib. ib. of Fe | 0.678 0.693 0.907 0.926 
FeO(C), % ... | 43 40 | 24 21 











* In each case tne iron temperature is assumed to be 50 C. below 
slag temperature. 
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Table IV 
CALCULATED GAS/SOLID TEMPERATURE DIF- 
FERENCES (°C.) TO ILLUSTRATE CHANGES IN 
LIME SILICA RATIO OF SLAG 





Slag Basicity CaO SiO, 














Stock Temperature i2 1:5 i 2 15 
Level, C. - —_ 

50°,, Slag 150°,, Siag 

| | 

1350 | 360 390 380 370 

1050 | 170 170 330 330 

900 | 80 100 300 300 

700 | 30 70 140 110 

0 200 210 200 190 


Carbon, ib. Ib. of Fe | 0-678 0-682 | 0.907 0-926 
FeOQiC), : | 43 42 24 27 











reduced from 140 to 80°C. This is a further reason 
why dissociation of calcium carbonate should be 
completed at the lowest possible temperature level : 
the chief reason, of course, is to keep direct reduction 
to a minimum. 
Carbonate Ores 
carbonate and ferric oxide ores is shown in Table II. 
There is a very pronounced increase in the temperature 
differences with rich carbonate ore (50°, slag), and a 
smaller increase for the lean ore, but, of course, the 
temperature differences are already large for a lean 


The comparison between smelting 


oxide ore. 

Hearth Temperature—Table LL shows the compari- 
son between 1450°C. and 1550°C. hearth (slag) 
temperatures. The higher hearth temperature gives 
the lower temperature difference, but the decrease is 
not great, except at about the hearth temperature 
level. 

Slag Basicity—Increasing the lime silica ratio from 
1-2 to 1:5 has little effect on the temperature 
differences (see Table IV). In practice an increase 
in the lime /silica ratio normally means a greater slag 
volume and higher hearth temperature. Even so, the 
effect on the temperature differences should not be 
great. 

Pig-lron Composition 
iron composition are phosphorus and silicon. 


—The two chief variables in 


Table V 


Table V 
CALCULATED GAS SOLID TEMPERATURE DIF- 
FERENCES (C.) TO ILLUSTRATE CHANGES IN 
PIG-IRON COMPOSITION 














Pig-Iron Composition 
Stock Temperature P, 1-5" P, nil P, 1-5% 
Level, “C,. Si, 1-0°,, Si, 1:0% Si, 2:5 
50°,, Slag 
1350 | 360 410 290 
1050 | 170 200 70 
900 80 100 60 
700 30 70 40 
0 200 200 190 
Carbon, Ib. Ib. of Fe | 0-678 0-648 0-705 
POO), % ... .| 43 46 40 
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Table VI 


CALCULATED GAS/SOLID TEMPERATURE DIF- 

FERENCES (°C.) TO ILLUSTRATE CHANGES IN 

MAGNITUDE AND DISTRIBUTION OF RADIATION 
AND COOLING LOSSES 





Radiation and Cooling Losses 
Cal./mole of Fe 


27:5 





Stock Temperature 
Level, °C. 


18 9 13-8 











50°, Slag 150°, Slag 
| 
1350 | 360 380 (410)*| 380 410 (430) 
1050 170 160 (210) | 330 370 (420) 
900 | 80 80 (130) | 300 350 (410) 
700 | 30 80 (130) | 140 170 (210) 
0 | 200 190 200 210 
Carbon, Ib./Ib. of Fe (0-678 0.648 0-907 0-864 
FeQ(C), °, | 43 48 


| 24 32 


J 











-1350° C., 22°, as 


* Figures in brackets are for losses distributed : 
» -900° C., 50°, as 


against 37 %, ; >1050 C., 39°, as against 70°, ; 
against 83°, ; >700 C., 67°, as against 92°,,. 
shows the effect of a 1-5°, alteration in each. In 
each case an increase results in a decrease in the 
temperature differences, which is rather greater in the 
case of silicon. Furthermore, the manufacture of 
high-silicon iron means running at a higher hearth 
temperature, which already has been shown to give 
lower gas/solid temperature differences. This aug- 
ments the effect of the silicon itself. 

Radiation and Cooling Losses—Figures given in 
Table VI show the effect of halving the radiation and 
cooling losses. There is a medium increase in the 
temperature differences because of lower radiation 
and cooling losses at the 150% slag volume, .but the 
effect is small for the 50° slag. Probable variations 
in radiation and cooling are particularly 
difficult to assess owing to lack of data. The values 
taken apply more particularly to the furnaces of 
twenty years orsoago. The increasing size of modern 
furnaces can be expected to lead to a reduction in 
these values on the unit of iron basis. In modern 
furnaces also the hearth and bosh diameters are much 
nearer that of the stack, and this profile, more nearly 
cylindrical, should lead to a more even distribution of 
the radiation and cooling losses. The effect of this 
has been calculated, and, as the figures in Table VI 
show, it is probably much more important than a 


losses 


Table VII 




















CALCULATED GAS SOLID TEMPERATURE DIF- 
FERENCES (C.) TO ILLUSTRATE CHANGES IN 
TOP-GAS TEMPERATURE 

Top-Gas Temperatures, C. 

Stock Temperature | 200 300 200 300 

Level, °C | 
| 50°, Slag 150°,, Slag 

1350 | 360 370 380 380 

1050 | 170 190 330 370 

900 | 80 130 300 350 

700 | 30 140 140 240 

0 | 260 300 200 290 

Carbon, Ib. Ib. of Fe | 0-678 0-695 | 0.907 0.939 

FeO(C), % bel 43 38 24 20 
| 
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GAS/SOLID TEMPERATURE 
change in the total losses. Decreasing the high- 
temperature radiation loss, as a fraction of the total, 
increases the gas/solid temperature differences. 
Top-Gas Temperature—Top-gas temperature also is 
an effect rather than a cause. If the temperature 
differences down the furnace are not large enough to 
effect the necessary rate of heat transfer they must be 
increased by charging more coke or increasing blast 
temperatures. The increasing of blast temperature 
has already been discussed. The charging of more 
coke will result in a rise in top-gas temperature, and 
comparative values to illustrate this are shown in 
Table VII. These values show that for a rise in top- 
gas temperature from 200 to 300° C. there is also a 
considerable rise in the temperature differences, 
particularly at the 700 and 900°C. levels. It may 
also be noted that the increase in carbon required is 
of the order of only 2-5 to 3-0%. 


MINIMUM GAS/SOLID TEMPERATURE DIFFER- 


ENCES AND CARBON RATE 

Summarizing the results of these calculations, the 
smallest gas temperature differences in the lower part 
of the furnace are obtained for a rich burden making 
high-silicon iron in a small furnace and using low 
blast temperatures. This is a case, therefore, when 
the rate of transfer of heat from gas to solid, which i; 
a function of these temperature differences, will most 
probably be the overriding factor in furnace economy, 
rather than the overall thermal balance. Increase in 


blast temperature, reduction in the silicon content of 


the iron (and reduction in hearth temperature), 
increase in gangue content of the ore, and substitution 
of carbonate for oxide ore, all increase the gas/solid 
temperature differences. 
direct reduction, and the total amount of the radiation 
and cooling losses have little effect, although their 
distribution over the various zones is important. 

If the gas/solid temperature differences are too 
small they may be increased by increasing the blast 
temperature or increasing the carbon rate. The 
effect of the latter is to increase gas temperatures, 
including top gas, throughout. It has been shown 
that for an increase in top-gas temperature from 200 
to 300° C., with corresponding increases at the 700 
and 900°C. levels, the increase in carbon rate is 
only 24°, in the case of the 50% slag volume. It is 
concluded, therefore, that the results of calculations, 
based on the overall thermal balance, require little 
qualification. Ina previous paper,! carbon rates were 
calculated to illustrate the effect of slag volume, tvpe 
of ore, blast temperature, radiation and cooling losses, 
slag basicity, and burden reducibility, all for an 
assumed top-gas temperature of 200°C. The 
introduction of thermal potential as a possible over- 
riding factor in the carbon economy of the furnace 
can only be expected to influence the comparison 
between high and low slag volumes and high and low 
blast temperatures. The effect will be to minimize 
the differences in the former, and accentuate the 
advantages of high blast temperatures in the latter. 
Carbonate ores are usually lean ores, and_ high- 
temperature heat is not a problem. The general 
picture derived from calculations on overall heat 
requirements is substantially unaltered. 
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REDUCTION POTENTIAL OF ASCENDING GAS 
As important as the thermal potential, but much 


more difficult to assess, is the reduction potential of 


the ascending gases. A measure of this is given by 
the difference between the actual CO/CO, ratio at any 
level and the equilibrium value at the same tempera- 
ture. The critical reactions are clearly the dis- 


sociation of calcium carbonate, ferrous carbonate if 


present, and the indirect reduction of iron oxide. 
Probably the temperature levels between which the 
carbonates decompose can be taken with sufficient 
accuracy, at least for comparative purposes, as 700 
to 900° C. and 500 to 700°C. It is the distribution 
of indirect reduction which is doubtful. That 
mattered little for the thermal potential calculations, 
because the thermal changes involved were small, but 
it is important in this case. The assumption made 
was that iron oxide had reduced to FeO at the 
700° C. level, and such FeO as reduced indirectly did 
so between the 700° C. and 900° C. levels. This was 
no more than a guess, because representative solid 
samples have never been obtained from a_blast- 
furnace in operation. In the absence of these, the 
same assumption was made, and the effect calculated 
of changes in the amount of direct reduction and slag 
volume and slag basicity on the CO CO, ratio at some 
chosen temperature level. This has been done for a 
temperature level of 700°C., and the calculated 
CO/CO, ratios are given in Table VIII. These ratios 


may be compared with the equilibrium values of 


1-7 to 2-1 for CO CO, in contact with Fe/FeO at 
700 to 900° C. 

All the values quoted in Table VIII are greater than 
the equilibrium values even at 900° C., although, 
because of the speculative nature of the assumption 
regarding the course of indirect reduction, the 
significance of this must not be overrated. One point 
not generally appreciated is that a change in the 
lime /silica ratio has little effect, provided the slag 
volume is the same. The most interesting feature is 


the relative effect of slag volume and proportions of 


direct and indirect reduction. There is an increase 
in the calculated ratios with increase in the proportion 
of direct reduction and with decrease in slag volume. 
For instance, equal ratios for 50% and 150°, slag 
volume are obtained for 25°, direct reduction in one 
case, and 65°, in the other. For equal efficiencies 
the proportion of direct reduction must be much less 
for the higher slag volume, e.g., 43°, for a 50%, slag 
volume and 24% for a 150°, slag volume. From this 
it follows that not only is a greater amount of indirect 
reduction required for the leaner ores, but it is more 
difficult to attain, because of the lower reduction 
potential of the gas. This gives added emphasis to 
the conclusion previously drawn from the study of the 
overall balance, viz., that the reducibility of lean ores 
must be higher than for rich ores in order to achieve 
the same efficiency. It is because of this that 
assessment of ore reducibility tests is so difficult. 
GAS/SOLID TEMPERATURE DIFFERENCES 
AND IRREGULAR STOCK DESCENT 

The gas/solid temperature differences have been 
considered from the point of view of being too small 
to give the necessary rate of heat transfer, but it is 
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Table VIII 
cO CO, RATIOS AT 700°C. STOCK LEVEL 

















| 
50°,, Slag Volume | 150°,, Slag Volume 
FeO'\C), ° CaO SiO CaO/SiO 

| 1:2 | 1:5 | 1:2 | 1:5 

| | l 

1 | | | 
0 2-54 | 2.52 2.28 | 2.25 
25 2.82 | 2.78 | 2.42 | 2-38 
50 3.90 | 3:99 | 2-63 | 2-57 
75 a7 |) -@245 | 2-96 2-86 








probable that in certain cases they may be too large, 
and this is the more important aspect of the problem. 
As pointed out earlier, the theoretical disadvantages 
of high blast temperatures cannot be realized in 
certain types of practice because of irregular furnace 
driving. It is significant that these conditions, with 
which slipping and irregular driving are most usually 
associated, are precisely those which have been 
shown to give large gas solid temperature differences 
They are: (a) large slag volume, (6) high blast 
temperature, (c) carbonate ores, and (d) larger 
modern furnaces. 

The precise causes of irregular stock descent in a 
blast-furnace are usually a matter of conjecture, but 
two principal causes are: (i) excessive carbon 
deposition bonding the burden together in the upper 
part of the stack, and (ii) bridging and hanging in 
the fusion zone low down in the furnace. Both these 
must be influenced by the vertical temperature 
gradient in the furnace, which, in turn, is a function 
of the gas/solid temperature differences. Increasing 
gas/solid temperature differences in the lower half of 
the stack must cause a downward displacement and 
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Fig. 1—Hypothetical stock-column temperature gra- 


dients to illustrate effect of changes in gas/solid 
temperature differences 
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probably a narrowing of the high-temperature slag 
fusion zone; the carbon deposition zone is also 
displaced downwards, but may be widened rather than 
narrowed. 

A typical curve for the vertical temperature 
gradient should have the form shown by curve A, 
Fig. 1. The effect thereon of an increase in slag 
volume from 50% to 150°, is shown by curve C. If the 
temperature gradient were a function solely of the 
gas/solid temperature differences, the gradient would 
be considerably steeper near the hearth and slightly 
steeper near the stock line, as represented by the 
broken curve B, but it should also be steeper in the 
middle, which is obviously impossible. Evidently the 
rate of heat transfer must be less in this case. This 
should be so because the ore/coke ratio is greater for 
lean ores, and therefore, at equal blowing rates, the 
rate of stock descent should be greater. The 
gradients will be less than those given by B, and 
should be similar to that shown in the full curve C. 
If s and d represent the temperature ranges for slag 
fusion and carbon deposition respectively, it is clear 
that the slag fusion zone must be displaced downwards 
and probably narrowed. It is equally clear that the 
carbon deposition zone is displaced downwards, but 
the effect on the gradient within the zone, and there- 
fore on the width, is uncertain. 

In the case of an increase in blast temperature, the 
comparisons given in Table I show that there should 
be a general increase in temperature gradient if this 
depends on gas/solid temperature differences alone. 
This is impossible for the assumed conditions, but in 
practice, because of the lower carbon rate and smaller 
gas volume, a higher blast temperature is usually 
accompanied by a lower top-gas temperature. A 
truer comparison would be to assume a lower top-gas 
temperature, in which case the gradient again is 
somewhat as shown by the curve C. The effect of an 
increase in blast temperature is therefore similar to 
that of an increase in slag volume. From the figures 
in Table VII it can be seen that a decrease in top-gas 
temperature causes a corresponding decrease in the 
gas/solid temperature differences at the low tempera- 
ture levels, so that a shallower temperature gradient 
can be expected. In this case, therefore, the width 
of the carbon deposition zone will tend to increase. 
That the slag fusion zone is displaced downwards is 
confirmed by the results of an investigation by 
Kozlovitch.* Burden samples taken at the level of 
the top of the bosh showed no evidence of fusion 
when the blast temperature was 850° C., but con- 
tained slag when the temperature was lowered to 
600° C. Similarly, it can be argued that carbonate 
ores and large diameter furnaces, Tables II and VI, 
must also depress the slag formation and carbon 
deposition zones. The slag formation zone should be 
narrowed, but the effect on the width of the carbon 
deposition zone can hardly be assessed. Increase in 
silicon and in hearth temperature, which normally 
gives an easier driving furnace, illustrates the same 
effect in reverse. The slag formation and carbon 
deposition zones are raised, and there should be a 
tendency for the top-gas temperature to increase and 
the carbon deposition zone to be narrowed. 
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BURDEN COMPENSATION AND SLAG 
FORMATION 


Another important factor influencing the position 
of the slag fusion zone in the furnace is the tempera- 
ture range over which melting takes place. The 
amount of lime picked up by solid pieces of ore must 
be small, and primary slag formation is caused by the 
fluxing of the alumino-silicate gangue with unreduced 
ferrous oxide. Ferrous oxide in molten slag is very 
rapidly reduced by coke at the prevailing high 
temperature,® so that the primary slag should very 
quickly lose ferrous oxide and pick up lime to form 
the bosh slag. The initial fusion should, however, be 
a function of the proportions of ferrous oxide, silica, 
and alumina. 

The proportion of unreduced ferrous oxide present 
when fusion begins cannot be with any 
certainty. Reduction of ferrous oxide by carbon 
monoxide is much slower above a temperature of 
approximately 1050° C.,7 so that it is probable that 
much of the ferrous oxide taking part in the direct 
reduction reaction persists down to the fusion zone. 
It has been shown that, for the same efficiency of 
operation, there is much more direct reduction in 
rich ore than lean ore practice.’ In addition, the 
proportion of gangue to iron is greater in the latter 
Therefore, on both counts the proportion of 


assessed 


case. 
ferrous oxide to gangue must be much less in lean-ore 
smelting. 

The effect of this can be seen from the FeO 


Al,O, SiO, equilibrium diagram, but only in general 
terms, because the proportion of ferrous oxide can 
only be guessed, and the system is not in equilibrium. 
Incomplete diagrams of the system have been given 
by Snow and McCaughey,!® and Schairer."! The 
diagram based on that of Schairer is reproduced in 
Fig. 2. Ifa value of 20° of unreduced ferrous oxide 
(iron basis) is taken as fairly representative of what 
can be expected in the fusion zone, the calculated 
ferrous oxide content in the slag for 50 and 150°, slag 
volumes should be roughly 45 and 20°, respectively. 
These compositions are indicated in Fig. 2 by the 
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lines AB and CD, which allow for normal variations 
in silica and alumina. 

Under equilibrium conditions it can be calculated 
that, for the rich ore, 65 to 85°, of the FeO/Al,O, 
SiO, mixture, depending on the alumina content, 
should melt at the ternary eutectic temperature, 
1073° C., and 90%, or more should have melted at 
1140° C. This is assuming that there is a‘ tie line’ 
in the diagram between silica and hercynite. For the 
lean ore, on the other hand, the proportion of melt 
at 1073° C. is small, between 0 and 25°, depending 
on the alumina content. At the peritectic temperature, 
1205° C., the proportion of melt has risen to about 
70°, independent of alumina content, but not until 
temperatures of the order of 1300 to 1350° C. are 
reached does it rise to 90°, or more. ‘This means that 
under the postulated conditions a rich ore will melt 
over a comparatively narrow range of temperature at 
about 1100° C., whereas the melting of a lean ore is 
spread over a temperature range of approximately 
1100 to 1350° C. Equilibrium conditions of melting 
cannot be expected in the blast-furnace, but the 
difference between rich and lean ores is so pronounced 
that the departure therefrom should not alter the 
broad generalization that under blast-furnace con- 
ditions lean ores fuse at a higher temperature and 
over a wider temperature range than rich ones. — A 
further consideration is that the temperature at 
which semi-molten material flows depends on the 
viscosity of the melt. Exact figures for viscosity are 
not known, but decreasing ferrous oxide and increasing 
silica are associated with increasing viscosity, which 
augments the comparison just made. Thus, it can 
be expected that, in the case of lean ores, the level 
at which the melting stock is fluid enough to flow 
freely will be lower down the furnace, and the zone 
in which it is plastic and sticky will be wider. 

It is clear that the ferrous oxide content in the 
fusion zone is most important. The free-flowing 
temperature of the slag increases as the ferrous oxide 
content decreases, at least for mixtures containing 
less than does the ternary eutectic, but the un- 
reduced ferrous oxide is also a function of the furnace 
operation. The more efficiently a furnace is operated, 
the greater must be the proportion of indirect reduc- 
tion and the less the amount of ferrous oxide present 
in the slag fusion zone. More efficient operation may 
then make a furnace more difficult to drive. 

The equilibrium diagram can be used to indic- 
ate only a general trend. The heterogeneity and 
lump size of ore, and also the fact that oxides are not 
always present as such but as more complex minerals, 
must be important. In general, the effect of each of 
these must be to increase the range of temperature 
over which fusion takes place, as compared with equili- 
brium conditions. A study of the fusion characteris- 
tics of partially reduced iron ores should yield impor- 
tant information in this respect, and an investigation 
along these lines has been started, but the experi- 
mental difficulties are formidable. 


IRREGULAR STOCK MOVEMENT AND THE SLAG 
MOVEMENT ZONE 


It has been shown that those conditions which tend 
to give irregular stock movement also cause the slag 
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formation and carbon deposition zones to be dis- 
placed downwards. The downward displacement of 
the slag formation zone nearer the hearth can well 
lead to irregular stock movement, but it is difficult to 
imagine why it should do so in the case of the carbon 
deposition zone. The effect on the width of the 
zones is not so clear, some factors tending to widen 
and others to narrow them. In both cases, but more 
especially for the carbon deposition zone, a wider 
zone can be expected to favour hanging. There is, 
therefore, strong circumstantial evidence that down- 
ward displacement of the slag fusion zone is an 
important factor in irregular stock movement, 
supplemented in some cases by an increase in carbon 
deposition. 

If this is so. to obtain smoother operation : (a) the 
furnace lines could be altered, or (b) steps could be 
taken to raise the slag fusion zone 


Influence of Furnace Lines 

Alteration of the furnace lines should be in the 
direction of a still shorter and steeper bosh, on the 
hypothesis that fusion of the burden should take 
place at the top of the bosh. The use of oxygenated 
blast provides an extreme example of the effect of a 
steep temperature gradient near the hearth, and the 
use of furnaces with shorter boshes has been proposed 
to overcome the consequent sticking and hanging.” 
It is doubtful whether this factor is sufficiently 
appreciated in connection with the parallel, but not 
so severe, case of lean ore practice. Furnace lines 
should be adjusted for the type of practice, whether 
lean or rich ore. The trend towards a shorter and 
steeper bosh in modern furnaces is in accordance with 
this hypothesis. The lower radiation and cooling 
losses per unit of iron from the hearth and bosh area 
of the large-diameter modern furnace leads to a 
steeper temperature gradient in this zone. The effect 
of the present trend in favour of carbon hearths 
should also not be overlooked. If the radiation and 
cooling losses from a carbon hearth are much greater 
than for a brick lining, the temperature gradient will 
be less steep, and will consequently influence the 
furnace lines to be chosen. 


Influence of Burden Preparation 

Apart from concentration, the only obvious methods 
of influencing the primary slag formation temperature 
are sintering and general furnace operation. Sinter- 
ing destroys much of the heterogeneity of the ore and 
should therefore narrow the temperature range over 
which fusion takes place. Addition of lime in 
moderate amounts to the sinter can be expected to 
lower the melting temperatures. Probably the 
greatest effect will be an increase in the proportion 
of unreduced ferrous oxide when fusion takes place, 
owing to the generally inferior reducibility of sinters. 

It is also through the unreduced ferrous oxide that 
general furnace operation influences the primary-slag 
formation temperature. However, the unreduced 
ferrous oxide (direct reduction) must be kept to the 
minimum for maximum efficiency, and it is bad 
practice to lower the primary slag formation tempera- 
ture by increasing the proportion of ferrous oxide. 
Raising the slag zone by alteration of the temperature 
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Table IX 
CALCULATED GAS/SOLID TEMPERATURE DIF- 
FERENCES (°C.) TO ILLUSTRATE CHANGES IN 
MOISTURE OF BURDEN 











Moisture in Burden, °,, 
Stock Temperature 
Level, C. 

0 | 6 

1350 360 | 380 

1050 280 330 

900 240 300 

700 60 140 

0 190 200 
Carbon, Ib./Ib. of Fe 0-866 0-907 
FeO(C), | 7 30 24 

















gradient is more straightforward. It can be very 
simply done by lowering the blast temperature, but 
only by sacrificing the advantages of high blast 
temperature. The question is whether there are 
alternative methods not subject to this disadvantage. 
The gas/solid temperature differences in the lower 
part of the furnace may be diminished by either : 
(a) increasing the proportion of high-temperature to 
low-temperature thermal requirements, or, (b) de- 
creasing the proportion of high-temperature to low- 
temperature heat supplied. Ifthe proportion of total 
heat requirements as high-temperature heat is to be 
increased, it obviously means that the low-temperature 
heat demands should be lessened. This may be done 
by drying, and, in the case of carbonate ores, calcining 
the burden. The effect of reducing the moisture 
content of the burden from 6°{% to zero has been 
calculated (see Table IX). The change in the 
gas solid temperature differences is not large, and 
drying would not be an attractive proposition. This 
also applies to calcination, the effect of which can be 
seen from the comparison between carbonate and 
oxide ores in Table IT. 


Effect of Recirculating Top Gas 

The ratio of high-temperature heat to low-tempera- 
ture heat may be lowered by the addition of a diluent 
to the air blast, more particularly if, by means of a 
reversible reaction, heat is absorbed at a high tempera- 
ture and given up again at a lower temperature. Two 


Table X 
CALCULATED GAS/SOLID TEMPERATURE DIF- 
FERENCES (C.) TO ILLUSTRATE THE EFFECT OF 
RECIRCULATING A PORTION OF THE TOP GAS 











150°, Slag Volume 
eee ng 
evel, C. 
’ . 10°, T Gas 
Normal Rackreuatea 
1350 380 180 
1050 330 130 
900 300 150 
700 140 110 
0 200 200 
Carbon, Ib./Ib. of Fe 0-907 0-907 
FeO(C), °, ‘ 24 7 














such diluents, which have already been tried in 
practice, are top gas and steam. Recirculation of a 
fraction of the top gas was tried by Lennings! in 


trials with oxygenated biast, and the addition of 


steam has been claimed by Russian workers to 
increase efficiency. 
each on the gas/solid temperature differences have 
been calculated, and the figures are given in Tables 


X and XI. 


In the case of recirculation of top gas, it is assumed 
that the volume recirculated is 10% of the air 


volume, and that the temperatures and composition of 


the top gasremain unaltered. This, of course, implies 
that the carbon rate is unaltered. As the comparison 
in Table X shows, the gas/solid temperature differ- 
ences are considerably reduced. The effect of 10°, 
recirculation of top gas is roughly equivalent to 
dropping the blast temperature from 750 to 450° C., 
although in the latter case there is an 8° increase 
in the carbon rate. The calculated FeO(C)_ per- 
centage, however, drops from 24 to 7, which represents 
an increase in burden reducibility very difficult to 
achieve in practice. If the percentage of direct 
reduction could not be brought below the already low 
value of 24, the carbon rate would be increased by 
approximately 12°, ¢.e., it would be greater than in 
the case of the 450° C. air blast. 


ADDITION OF STEAM AT HEARTH LEVEL 

Calculating the effect of steam additions is not 
quite so straightforward. Steam is quantitatively 
converted to CO and hydrogen at the hearth. The 
difficulty lies in assessing the probable proportion of 
hydrogen reconverted to water up the stack. The 
lowest temperature at which the water-gas equilibrium 
is established in the upward streaming gases may be 
taken as approximately 400°C. The equilibrium 
constant at 700° K. (427° C.) is 0-11, so that, for a 
CO/CO, ratio of 1-5, the H,/H,O ratio is 14. Since, 
for a steam addition of 5°, the top-gas hydrogen 


Table XI 
CALCULATED GAS SOLID TEMPERATURE DIF- 
FERENCES (C.) TO ILLUSTRATE THE ADDITION 
OF STEAM TO AIR BLAST 











Examples showing the effect of 











| Moisture Content of Air Blast, °” 
Stock Temperature | 
Level, ‘C | 
0 1 5 
50% Slag Volume 
1350 370 350 180 
1050 | 170 170 50 
900 | 90 80 40 
700 | 60 60 50 
0 | 200 200 200 
Carbon, lb. Ib. of Fe | 0-681 0-692 0-748 
FeO(C), ° 4.4 42 31 
150°,, Slag Volume 
1350 | 390 370 200 
1050 | 370 350 210 
900 | 320 300 230 
700 160 150 110 
0 210 210 205 
Carbon, Ib./Ib. of Fe 0-902 0-924 1.071 
FeO(C), °, | 26 24 9 
1 
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content is only about 4%, the amount reconverted to 
water in the top gas has been ignored. Comparative 
values of the gas/solid temperature difference for dry 
blast, and for 1° and 5° steam additions, are given 
in Table XI. As shown there, 1°%, of water vapour in 
the air blast has very little effect on the temperature 
differences. For 5%, of water vapour there is a 
reduction of the same order as caused by lowering the 
blast temperature from 750 to 450° C. or recirculating 
10°,, of top gas. The increases in the calculated re- 
quirements, because of the water vapour, are greater 
at the greater slag volume. They are 1-5to3-0% and 
10 to 18%, for the 1% and 5°, water-vapour contents 
respectively. Moreover, as for recirculation of top 
gas, the proportion of direct reduction required to 
maintain the same top-gas CO/CO, ratio drops very 
considerably, so making such conditions more difficult 
to achieve. Against these disadvantages is the fact 
that for the 150°, slag and 5°, moisture blast, the 
calorific value of the top gas is increased by about 
25 B.Th.U. From the standpoint of the equilibrium 
over iron oxide, hydrogen is poorer than carbon mon- 
oxide as a reducing agent at lower temperatures, but 
is better at higher temperatures. The rate of reaction 
is also greater in the case of hydrogen, thus favouring 
indirect reductions and higher efficiencies, although, 
as already observed, some increase in indirect re- 
duction is required to maintain the same efficiency. 
On balance it seems probable that steam additions 
result in a greater increase in carbon requirements 


than would a lowering of the blast temperature, for 


the same reduction in gas solid temperature 
differences. 

The figures in Table XI also have a bearing on the 
old dry-blast controversy. A water content of 1°, is 
approximately 3-3 grains/cu. ft. which, as far as this 
country is concerned, represents high average 
humidity. The calculated saving in carbon to be 
derived by reducing this to zero is not more than 
5°%, with no appreciable alteration in gas/solid 
temperature differences. For a more normal average 
humidity of 2 grains/cu. ft. the theoretical saving 
would be no more than 2%, or 0-4 ewt. on a 
20-cwt. coke consumption, which does not make it a 
very attractive proposition. 


Table XII 
CALCULATED GAS/SOLID TEMPERATURE DIF- 


FERENCES (°C.) TO ILLUSTRATE THE EFFECT OF 
ADMITTING COKE-OVEN GAS AT HEARTH LEVEL 











150°,, Slag Volume 
— ———-* 
evel, °C, | =o Oo . 
: Norma | 7 cided 
| 
1350 380 | 220 
1050 330 220 
900 300 190 
700 140 } 80 
0 200 | 190 
| 
Carbon, Ib./Ib. of Fe 0-907 0-915* 
FeO(C), ° 24 i 22 
| 














* 0-872 from coke and 0-043 from hydrocarbons in coke-oven gas 
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Fig. 3—-Effect of different operating conditions on gas 
solid temperature differences for a 150 slag 
volume 


ADDITION OF COKE-OVEN GAS AT HEARTH 
LEVEL 

Another possibility, not previously considered, is 
the admission of cold coke-oven gas at the hearth 
level. The effect of a 7%, addition has been calcu- 
lated. as in the case of steam, neglecting the 
reducing power of the hydrogen in the top gas. It 
will be observed from the figures given in Table XII 
and the curves in Fig. 3, that the gas ‘solid temperature 
differences are of the same order as for a 450° C. air 
blast, and a 750°C. air blast with 5°, steam or 10°, 
top-gas recirculation. In this case, however, there is 
little change in the percentage of direct reduction, and 
although the total carbon used is slightly greater, 
some of this carbon is derived from the coke-oven gas, 
and the coke carbon is reduced by 4°. If the 
comparison is made between the 450° C. air blast and 
the 750° C. air blast plus coke-oven gas, for which the 
gas solid temperature differences are almost the same, 
the reduction in coke carbon is 11%. Moreover, in 
the latter case, the demands on the reducibility of the 
burden are less, being 78°, indirect reduction as 
against 89°: and the hydrogen present should 
increase the rate of reduction, 7.¢., a high degree of 
efficiency should be more readily attainable. Finally, 
it may be noted that the calorific value of the top gas 
is increased by 30-35 B.Th.U. 

Technically, the last method seems an attractive 
way of utilizing the advantages of high blast tempera- 
ture, without increasing the temperature gradient in 
the lower part of the furnace. In practice, other 
factors would need to be taken into account, for 
instance, the necessity to desulphurize the coke-oven 
gas, the relative values of coke-oven gas and blast 
furnace coke, ete., but it is a possible method of 
reducing coke consumptions in lean ore practice. 

As already remarked, bad driving, caused, on this 
hypothesis, by the steep temperature gradient low 
down the furnace, is even more of a problem with 
oxygenated than with high-temperature blast. [f 
less heat is put into the furnace as preheated blast, 
more heat must be generated by combustion of 
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carbon. This means that: (a) the carbon rate or 
(b) the carbon efficiency must be increased. The 
latter is, of course, a possibility, but it is doubtful 
whether top-gas CO/CO, ratios much lower than the 
best orthodox practice would be obtained. Except 
when smelting ferro-allovs, for which the high- 
temperature heat requirements are abnormal, oxygen- 
ated blast has few attractions in blast-furnace practice, 
but if metallurgical coke were scarce and fuel oil 
plentiful, there would be definite possibilities in the 
combination of oxygenated blast and fuel oil. 


CONCLUSIONS 
The chief conclusions drawn from these calculations 
are : 

(1) The overall thermal and chemical balance is 
the most important factor in determining carbon 
requirements. Only in rich ore practice is the 
proportion of heat available at high temperatures 
likely to be an overriding factor, and even so, the 
effect on carbon requirements will probably be 
small. Deductions based on the overall thermal 
and chemical balance, particularly on the effect of 
slag volume and ore reducibility, require little 
qualification. 

(2) Conditions, e.g., lean burdens and high blast 
temperatures, which tend to displace downwards the 
slag fusion zone, are also those associated with bad 
driving and irregular stock descent. Most of these 
conditions will also depress the level of the carbon 
deposition zone. It is suggested that downward 
displacement of the slag fusion zone, and possibly 
also of the carbon deposition zone, are a cause of 
irregular stock movement, and thus a loss of 
efficiency. 

(3) In practice, a reduction in blast temperature 
is the usual remedy, and this conforms with the 
hypothesis in conclusion (2). High blast tempera- 
tures are, however, very desirable in the interest of 
carbon efficiency. To retain the advantages of 
high blast temperature, other methods of over- 
coming irregular stock movement in lean ore 
practice should be considered. It is suggested that 
more consideration should be given to adapting 
furnace lines to suit the type of practice. 

(4) Of methods for raising the level of the slag 
fusion zone, admission of coke-oven gas at the 
hearth level is technically the most attractive. 


APPENDIX 
The following thermal data have been used : 


Heat content of iron : 
14-3 Cal. mole at 1500° C. 


13-9 =“ 1400°C. 
12-5 a 1350° C. 
9.9 m 1050° (, 
8-4 ne gO00>C, 


Latent heat of fusion of iron : 
3-29 Cal. mole 

Heat content of 1-5°, of phosphorus in solution : 
0-31 Cal. mole of Fe at 1400° C. 
0-30 a am 1350° C, 

Heat content of 1-0°,, of silicon in solution : 
0-28 Cal. mole of Fe at 1400° C. 
()-27 ; ; 1350° C. 
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Heat content of 1-0° of manganese in solution : 
0-14 Cal. /mole of Fe at 1400° C, 
0-13 ae ¥5 1350° C. 


Heat content of 4-0°, of carbon in solution : 
1-83 Cal. /mole of Fe at 1400° C. 
1-78 ee "ey 1350° C. 
Heat content of slag : 
0-485 Cal. ‘mole at 1550° C. 
0-430 aA 1450° C. 
0-375 ss 1400° Cc. 


Heat content of carbon : 
7-75 Cal. /mole at 1550° C. 
ur | > 
‘ 


2 om 450" C. 
6-75 _ 1350° C. 
1-9 me 1050° C., 
1-0 - 900° CY, 
2-9 700°C. 


Heat contents of SiO,, A1,03;. CaCO 3, CaO. P.O;, 
MnO, and FeO are derived from the equation : 
a = Dic. ks ] I 
Hr a(T — 273) ee 2737) (Cp 73) 


and the constants are : 


a 6.108 c.10 
SiO, cate sos 210-95 2°93 see 
Al,O; aoe Pe ae Fe | 9-0 5-225 
CaCO, wae ite ed 11-9 3-08 
CaO ae oo | 2-0 1-84 1-1 
MnO Sh 7-48 10-4 
P.0; ae we. sO°de 10.92 
FeO 12-08 279 

The heats of reaction are : 
Cs. CO + 26-6 Cal. 
C HO CO H, 31-2 Cal. 
FeO Cc Fe CO 38-2 Cal. 
FeO co Fe co, 3-0 Cal. 
Fe,0, — CO 2FeO + CO, — 2-4 Cal. 
CaCO, CaO CO, 42-3 Cal. 
SiO, 2C Si 2CO 153 Cal. 
3. CaO.P,0, + 2Si0, = P,O,--3CaO.SiO, — 110 Cal. 
P.O, -- 5C 2P “- 5CO — 228 Cal. 
MnO C Mn CO 67 Cal. 
Slag formation from SiO,/A1,0,/CaO 0-33 Cal. 2. 
SiO... 
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Electrochemical Studies of Protective Coatings 
on Metals 


By F. Wormwell, M.Sc., Ph.D., and D. M. Brasher, B.Sc., A.R.I.C. 


PART II—RESISTANCE AND CAPACITANCE MEASUREMENTS ON PAINTED 
STEEL IMMERSED IN SEA WATER 


SYNOPSIS 


Alternating-current measurements of electrical resistance and capacitance have been used to investigate 


the behaviour of painted steel immersed in sea water. 


The changes in these electrical properties have shown 


good correlation, throughout the whole period of breakdown of the paint, with the incidence and progress 
of corrosion of the underlying metal. The technique has been used to investigate the influence of the type 
of paint, of adverse conditions during painting, and of aeration and stirring of the sea water. 


Introduction 


T was shown in Part [! that electrode-potential 
measurements on painted steel immersed in arti- 
ficial sea water can give useful information on the 

rate of breakdown of the protective paint, the useful 
‘life’ of the paint system being revealed by the 
position of the maximum on the potential/time curve. 
Since the interpretation of electrode potentials is 
necessarily complex, it is desirable to obtain a more 
direct measure of the continuity of paint films. It 
was expected that the value of the electrical resis- 
tance, measured through the coating, would be more 
directly related to the porosity (macroscopic and 
microscopic) of the coating. 

Many workers have used measurements of electrical 
resistance or current as a means of assessing the 
protective value of paint coatings on metals. The 
majority of these methods have involved making the 
painted metal one electrode (usually the anode) in 
a cell containing a second electrode of a different 
material, and an electrolyte, usually of a high con- 
ductivity. Todt? and others*-* have measured the 
current flowing; Wirth* has obtained current- 
density/time curves. Other workers*-* have measured 
the D.C. resistance R, Young’ calculating the 
current from these resistance measurements, Bacon® 
presenting his results in the form of log R/time curves. 
Other workers have impressed an external voltage 
across such a cell (in which the second electrode 
may be of the same material as the first), and have 
again measured the current,®—" or the resistance.7:!2 
A few workers have made measurements, by D.C.!% 
or by A.C.7:14 methods, of the resistance of the 
paint (dry or saturated with moisture) in the absence 
of an electrolyte. All the tests under immersed 
conditions are subject to the criticism that direct 
currents of appreciable magnitude were used, with 
consequent risk of polarization at the electrodes and 
possible disruption of the paint coating. It was 
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therefore decided in the present work to use A.C. 
The frequency selected was 1000 cycles/sec., as this 
is commonly employed in measurements of electrolyte 
conductance. All the work reported was carried out 
using this fixed frequency, but, more recently, similar 
measurements over a range of frequencies have 
shown that results obtained at 1000 cycles/sec. are 
representative and reasonably free from polarization 
errors. 

EXPERIMENTAL TECHNIQUE 
Preparation and Arrangement of Specimens 


Specimens of mild steel, 2} in. « 3} in. x } in., cut 
from ship’s plate, were abraded with emery, painted, 
and mounted, as described in Part I.!_ Two similarly 
painted plates were supported, 1 in. apart, with the 
top surfaces 14 in. below the surface of artificial sea 
water (vol. 1500 ml.) in a resistance-glass beaker 
of 2 litres capacity, the whole comprising a cell 
of unknown resistance and capacitance. Two or more 
cells, connected by capillary bridges to an inter- 
mediate vessel containing a calomel half-cell, enabled 
potential measurements to be made on the plates. 
The cells were maintained at air temperature on a 
bench free from vibration, in a room free from 
draughts and not exposed to direct sunlight. These 
conditions are desirable in order to avoid fluctuations 
of temperature, which would induce variable con- 
vection currents in the liquid. 


Measuring Bridge 

The cell formed one arm of a bridge network, shown 
diagrammatically in Fig. 1. Resistances R, and R, 
were housed in a ratio box, with provision for adjust- 
ing each resistance to values of 10, 100, 1000, or 
10,000 ohms. R&R, was a variable-resistance box, 
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Fig. 1—Bridge-circuit for A.C. measurements 


covering the range 0-1 to 10,000 ohms, and C a 
variable-capacitance box, covering the range 0-0001 
to 1-0 uF. All resistances were of the non-inductively 
wound type. Alternating current was supplied by 
an oscillator O working on input from 230-V., 50- 
cycles/sec. single-phase mains, and giving an output 
of approximately 1000 cycles/sec. at 2-5 V. The bridge 
balance was detected by a telephone receiver H. 
Provision of earthed screens for the bridge com- 
ponents or leads was found unnecessary. Flexible 
wire leads from the ‘input ’ terminals of the bridge 
were connected by ‘ crocodile ’ clips to the steel rods 
supporting the appropriate pair of test specimens. 


Electrical Measurements 
As soon as possible after the immersion of the 
painted plates a balance was obtained on the bridge 
by alternately adjusting the variable resistance and 
capacitance.* The ratio arms R, and R, were made 
equal and of the same order as Rg, unless the resistance 
of the cell made it necessary to use a 10:1 ratio; 
in this case values obtained for the resistance were 
slightly lower, and those for the capacitance slightly 





* The values obtained were regarded as the equivalent 
parallel resistance and equivalent parallel capacitance 
of the cell. 
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due to 
Emeried surface with 


ELECTROCHEMICAL STUDIES 

higher, than values obtained with 1 : 1 ratio. Current 
was passed through the cell for the minimum time 
necessary to obtain a bridge balance, in order to avoid 
possible changes in the paint films. It was found 
that, except in later stages of paint failure, when the 
cell resistance was low, no measurable change in the 
reading occurred during the application of the 
current. Immediately the resistance and capacitance 
had been measured, the electrode potential of each 
specimen was determined with reference to a * satur- 
ated ’ calomel electrode, and the solution temperature 
Xeadings were taken at intervals of 
approximately 1-2, 5, 15, 30, 60 min., then hourly 
for 6 hr., and then daily or at 2-day intervals. Any 
Tests were usually con- 


was noted. 


visual changes were noted. 
tinued until considerable paint failure and rusting 
had occurred. At the end of the experiments, the 
specimens were treated as described in Part I.) in 
order to obtain the loss in weight of the underlying 


metal. 


EXPERIMENTAL RESULTS 


Electrical Resistance 
The electrical resistance of paint films immediately 
after immersion was found to be very sensitive to 
changes in porosity; frequent fluctuations were 
observed, and it was concluded that it is the order of 
the resistance which is significant with respect to the 
protective value of the coating. Accordingly, the 
results are conveniently expressed as logarithm (base 
10) of the measured resistance (see log R curves in 
Figs. 6a, 6, and c, for one, two, and three coats 
of paint Ay applied on an emeried surface. The 
initial breakdown of the paint is indicated by a 
fairly sharp fall in log R. The time, in days, taken 
to reach selected values of log R has been found to 
bear a linear relationship to the thickness (measured 
as weight per unit area) of paint A on the specimen. 
The relationship is of the form : 
a x thickness — 6, 


time 
This is comparable 


where a and 6 are constants. 
with the relationship obtained for potential values 
in Part [2 

An alternative method of expressing resistance 
measurements is the use of the reciprocal of the 
measured resistance, 7.e., the conductance, G, of the 
system. Conductance/time curves for one, two, and 
three coats of paint A are shown in Fig. 2, where 
the conductance is plotted on a relatively open scale. 
A sharp rise in conductance very strikingly indicates 
the initial breakdown of the paint film. The inflection 
point is usually more clearly defined on the con- 
ductance/time curves than on the log R/time curves. 
The relationship between the initial value of the 
resistance and the thickness of the paint film is not 
a simple one, in contrast to the relationship between 
initial capacitance and thickness, described on p. 143 ; 
the addition of the second coat to the first usually 
increases the order of the resistance, whereas the 
addition of the third coat to the second has a rela- 
tively small effect. This is explained on the assump- 
tion that conduction, especially in the early stages, 
takes place through macroscopic and microscop‘c 





* As used in previous work.! See also p. 146. 
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pores in the film ; the second coat will close most of 
the macroscopic pores left in the first coat. 


Electrical Capacitance 

The fact that measurement of the resistance of the 
paint films was possible only when the capacitance 
of the cell was simultaneously balanced, led to the 
observation that the initial breakdown of the paint 
is accompanied by a very large increase in, the 
capacitance of the cell. The capacitance/time curves 
(corresponding with the conductance/time curves of 
Fig. 2) for one, two, and three coats of paint A are 
shown in Fig. 3, the capacitance being plotted on a 
relatively open scale. The similarity between these 
curves and the conductance/time curves is discussed 
on p. 145. 

In Fig. 4 the reciprocal of capacitance is plotted 
against paint thickness (as weight per unit area*), 
using (a) initial values (by extrapolation of readings 
during the first 15 min. back to zero time, 7.e., the 
time of immersion), and (b) steady values observed 
immediately preceding the rapid rise caused by paint 
breakdown. In each case, the linear relationship 
between reciprocal capacitance and paint thickness 
indicates that the observed values are governed by 
the characteristics of the continuous paint coating. 
The initial values refer to the condition of the coating 
at the time of immersion, whereas the steady values 
refer to the condition after the paint has absorbed 
water (and salt). The ratio steady/initial capacitance 
has been observed to vary with different types of 
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Fig. 3—Capacitance/time curves. Changes due to initial 
breakdown of paint. Emeried surface with anti- 
corrosive paint A 

paint, and its probable relation to the amount of 

water absorbed will be discussed in a later paper. 

Evidence that the temperature coefficient of capaci- 
tance is related to the amount of water absorbed 
has also been obtained. 

The time taken to reach selected values of capaci- 

tance is plotted against paint thickness in Fig. 5; 

also included is the time at which the rate of increase 





* 25 mg./sq. in. corresponds to a paint thickness of 
approximately 0-007 cm. (70). 


FEBRUARY, 1950 


' Fig. 5 


COATINGS ON METALS 


300 





20 30 40 
WT. OF DRY PAINT, MG/SQIN 


O 1O 
Fig. 4 Reciprocal capacitance thickness (wt.) of paint. 
Emeried surface with anti-corrosive paint A 
of capacitance reaches a value of 0-01 uF/day. In 
each case, for the particular paint system A, there 
is a roughly linear relationship between time and paint 
thickness, of the form : time = a « thickness — b. 
CORRELATION BETWEEN ELECTRICAL PROPER- 
TIES AND CONDITION OF PAINTED STEEL 
The general correlation between the changes in 
electrical properties and the failure of the paint system 
is summarized in Figs. 6a, b, and c. The greate 
the number of coats the longer is the period preceding 
the initial breakdown of the paint, and the slower 
is the rate of spread of rusting ; changes in electrical] 
properties are correspondingly delayed. It should be 
remembered, in considering the results for paint A, 
that the paint sample was formulated for application 
hulls. Because of the 


on a large scale to ships’ 
‘spreading rate ’ 


thin consistency of the paint, the 
was very high, 7.e., the film thickness was very small. 
This explains the very low order of protection afforded 
by one coat of paint, illustrated by the almost com- 
plete absence of any * protection ’ period. The curves 
in Fig. 6a are not well-defined at the outset, and all 
the measurements show serious changes almost from 
the time of immersion ; the potential/time curve gives 
an indication of paint breakdown only at about 
10 days, as compared with 1 to 2 days for the log R, 
capacitance, and ‘area rusted’ curves. The reason 
for the rapid decrease in capacitance after 20 days 
is discussed on p. 145. 

In considering the results for two- and three-coat 
systems, reference must be made to the inflection 
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points on the capacitance curves in Fig. 3. For the areas of breakdown of the paint, G’. In the 


example, owing to the compressed scale used in 
Fig. 6b, the initial breakdown period as indicated by 
the capacitance curve would be about 37 days, 
whereas Fig. 3 shows clearly that the true inflection 
occurs at 25 days. This agrees with estimates 
of 25-30 days (area rusted), 28-30 days (potential) and 
23 days (log R). With the three-coat system there 
was an apparent change in log R at about 28 days, 
coinciding with a temporary fall in potential; no 
corresponding increases in capacitance or in area 
rusted were observed. The first serious breakdown 
was observed at about 52 days (potential), 50 days 
(log R) and 53 days (capacitance from Fig. 3). On 
the scale of Fig. 6c, changes in capacitance or area 
rusted are clearly shown only after about 70 days. 

On the whole, there is good correlation between 
the changes in electrical properties of the painted 
steel and the deterioration of the paint coating, with 
consequent corrosion of the steel. The stage at which 
the paint fails to protect the metal can be recognized 
with reasonable ease and certainty by electrical 
measurements, which are free from the personal errors 
associated with visual observations. 


Interpretation of Curves 


Conductance/Time Curves—The interpretation of 


potential/time curves of painted specimens was dis- 
cussed in Part I. The general shape of the resistance 
or conductance curves accords with the view that 
these properties are functions of the degree of porosity 
of the paint coating, since the effective resistance per 
unit area at a break in the coating is negligible 
compared with that of the paint coating itself. 

The measured conductance, G,,, is the sum of the 
conductance of the paint film, Gp, and that due to 
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early stages, when the area of breakdown, and hence 
G',issmall, G@,, is sensibly constant, except for changes 
in @p due to water and salt uptake by the paint ; 
in later stages, @,, will approximate to the value of 
G’, since this becomes very large compared with Gp. 
For a given area of breakdown, G’ decreases as the 
thickness of the rust deposit on the exposed area 
increases. 

Capacitance/Time Curves—The interpretation of 
capacitance/time curves is at first sight more complex. 
The initial increase in capacitance is almost certainly 
connected with the absorption of water by the paint 
coating ; whether the uptake of salt exerts a direct 
effect is not certain. The important change in capaci- 
tance, from the standpoint of initial paint failure, is 
that occurring after the period of steady values, e.g., 
at 25 days for two coats of paint A (Fig. 3). This 
increase is usually spectacular, since the order of the 
capacitance increases greatly. 

The high values of capacitance observed when the 
metal becomes directly exposed to sea water, recalled 
the estimated figures obtained in earlier work! on 
thin films produced by the action of aqueous solu- 
tions of KCl and KOH on zine.* The following 
explanation has been suggested.t The capacitance 
per unit area at the steel/sea-water interface is con- 
trolled by the thickness of the electrical double layer, 
and of any thin film of oxide or other reaction product. 
Since the thickness is very small (ca. 10-8 em. for 
the double layer, and up to 10~® em. for air-formed 
oxide films), the capacitance may reach very large 








* The capacitance/sq. em. was of the order 60uF in 
KCl, and 30uF in KOH, 24 hr. after filling the cell. 

+ Dr. L. Hartshorn and Mr. E. Rushton of the Electricity 
Division, National Physical Laboratory. ; 
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values for quite small areas. This high capacitance, 
in parallel with the low capacitance due to the paint 
coatings, gives a high measured capacitance, C,,. 
Any such film underneath the paint, being in series 
with the paint, does not appreciably affect the 
measured capacitance. 

The various stages may be represented diagram- 
matically as follows: when the paint coating is 
virtually intact (neglecting micro-porosity) it may be 
considered as a condenser of capacitance, Cp, in 
parallel with a resistance, Rp. Fig. 7a, the whole 
being in series with a resistance. R, (sea-water path), 


and a second paint coating on the other electrode of 


the cell. The capacitance of the sea-water path may 
be neglected, and, since R, for sea water is usually 
much less than Rp, we mav use the circuit, Fig. 7b, 
to a first approximation, where ("p = Cp 2 and R’)» 
= 2Rp, assuming that the properties of the paint 
coatings on the two electrodes are identical. When 
the paint becomes removed over a small area, the 
direct exposure of oxide-film-covered metal to the 
water introduces a high capacitance. Cy, and a low 
resistance, Ry, in parallel with Cp and Rp, due to 
the intact paint coating. The electrical properties 
mav be represented as in Fig. 7¢, or as in the simplified 
diagram, Fig. 7d, where C’, = Cy-2, R'» = 2Rrp, ete., 
if the sea-water resistance is still ignored, and the 
breakdown on the two plates is assumed equal. The 


first assumption, fully justified in the early stages of 
breakdown, becomes less justifiable as the area of 


breakdown increases. It has been assumed, as a 
working hypothesis, that if the measured capacitance 
of the cell, C,,, is not appreciably affected by varying 
the distance, and hence R;, between the plates, then 
R, may be neglected. This simplification was found 
to be permissible in the stagnant conditions here used, 
for breakdown areas up to a few per cent of the total 
area. In regard to the second assumption, in practice 
the degree of breakdown on the two plates will usually 
differ a little, so that the measured capacitance and 
conductance (C,, and G,,, respectively) will follow 
the trend of the * better’ plate, since : 


— 
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Fig. 8—Capacitance'time curve for two dissimilar 
plates in series 


where C, and C, are the capacitances of the two 
plates ; or 

CVC, 
a ¢* (' 


C 


if C, is very small compared with C,, then C,,, approxi- 
mates to Cy. 

This dependence of the measured capacitance of the 
cell on that of the * better’ plate is illustrated in 
Fig. 8, where the curve obtained from a cell containing 
one plate painted with one coat of paint system 4, 
and the second plate painted with three coats of the 
same paint, is compared with the curve calculated for 
such a system from measurements on two separate 
cells ; the first containing two plates each carrying 
one coat of paint, the second containing two plates 
each with three coats of paint. The resultant capaci- 
tance curve agrees closely with the calculated curve, 
being virtually unaffected by changes in capacitance 
of the one-coat plate ; no marked increase in capaci- 
tance was observed until a much later stage, when 
breakdown occurred on the three-coat plate. The 
same considerations apply to conductance measure- 
ments. 

This simple interpretation suffices to explain the 
results for paint coatings on steel. Preliminary work 
on much thinner coatings, such as oxide films on 
aluminium or on steel, has indicated the necessity for 
a more rigid theoretical treatment in these cases, 
taking into account the capacitance of the electrical 
double laver at the oxide/solution interface, and the 
resistance of the liquid path. A variable-frequency 
technique is probably necessary for a study of the 
properties of thin films. 

Effect of Rusting on Capacitance and Conductance 

The capacitance/time curve (Fig. 6a) for one coat 
of paint shows a marked decrease in capacitance 
after 20 days. The most probable explanation is 
that, for a given area of paint failure, the capacitance 
is decreased by an increase in thickness of the rust 
film: subsequent work (to be reported later) has 
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supported this view. With one coat of paint A there 
is a very rapid spreading of the area of exposed metal, 
leading to a large increase in capacitance. When the 
breakdown area ceases to extend appreciably, sub- 
sequent corrosion causes a continuous increase in the 
thickness of the rust laver. With two or three coats 
of paint A, the breakdown area increases much less 
quickly at first, but the area continues to expand over 
a long period. Any effect of rust in reducing capaci- 
tance at areas of early failure is more than offset by 
the increase in capacitance with increase in area. 
Nevertheless, it is possible, in the case of a paint 
breaking down extremely slowly, for the thickening 
of the rust deposit to mask completely the capacitance 
rise caused by the slowly increasing area. This has 
been observed, in later work, for one particular paint ; 
indications of breakdown were, however, afforded by 
the conductance/time curve. 
APPLICATIONS OF RESISTANCE/CAPACITANCE 
TECHNIQUE 

Influence of the Type of Paint 

The use of the electrode-potential technique in 
differentiating various paint systems was described 
in Part I.1 The resistance and capacitance technique 
provides an alternative method, which furnishes more 
clear-cut results in respect to (a) the interaction 
between the paint and the environment, and (b) the 
period when the coating fails to give complete pro- 
tection to the underlying metal. Capacitance/time 
curves for four two-coat paint systems are given in 
Fig. 9; as already explained, the conductance/time 
curves are of the same form. Paints A and B are 
ships’ compositions* (paint 4 consists mainly of oxides 
of iron and titanium in a resin-drying-oil medium ; 
paint B of oxides of iron and zinc with barium 
sulphate in a resin medium) ; #2 is an experimental 
anti-corrosive paint based on a linseed-oil medium, 
pigmented with iron oxide ; and 173 is a paint formu- 
lated by Fancutt and Hudson,!* in their investigations 
for the British Iron and Steel Research Association. 
The curves show the excellent qualities of paint 173, 
which had previously been demonstrated in raft tests 
and in accelerated laboratory tests.1*7 The capaci- 
tance, following the usual increase caused by water 





* Supplied from H.M. Dockyard stock, by arrange- 
ment with Mr. L. Kenworthy. 
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absorption in the first few days, shows only a very 
gradual rise until, at 210 days, there is indication 
of local failure of the paint. This extends only slowly, 
in contrast to the rapid breakdown of paints A and 
B at a relatively early stage. Paint H2 is of inter- 
mediate efficiency, but it differs from the other paints 
in showing a much larger increase in capacitance in 
the first few days, attributable to a greater absorption 
of water. 


Influence of Adverse Conditions During Painting 

The method of following the course of breakdown 
of the paint by means of capacitance/time or con- 
ductance/time curves has been used to illustrate the 
effect of painting under adverse conditions. Figure 10 
shows capacitance time curves for four pairs of 
panels, emeried and painted with two coats of paint 
A (batch 4) under the following conditions : 


control’ panel 


(t) No treatment of metal— 
water and partially 


(ii) Metal sprayed with rain 
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Table I 
WEIGHT LOSSES OF SPECIMENS PAINTED UNDER ADVERSE CONDITIONS 
| Weight of Period of | w., | Ave Wt. loss 
Experiment | Conditions During Painting Dry Saint, Sasmnenelen, | Weight Loss, Welaht loss, | ‘ Standard ' 
mg. sq. in. days | mg. mg. wt. loss, ° 
: 
(i) Normal 31-9 | 65-5 
30-9 102 | 47-0 51-8 32 
33-2 49-0 
34-0 | 47-5 
| | 
(ii Rain water on panel 29-4 90 | 40-1 46-7 35 
30-0 53-2 
(iii | Sea-water spray on panel 43-0* 55 | 92-6 | 88-3 160 
42.5 | | 84-0 | 
| 
iv Sea-water spray between first and 41.5* | 88 80-3 80-1 62 
| second coats 43-0 79-8 
| | 














* Weights somewhat high, possibly due to some inclusions of water or salt. 








(iii) Metal sprayed with sea water and_ partially 
dried 

(iv) Sea-water spray applied between the first and 
second coats. 

The deterioration was increasingly severe in the 
order (i), (iz), (iv), and (77) as shown in the curves 
(the extremely high capacitance values reached are 
due to cracking of the paint) in visual observations, 
and in the weight-loss determinations in Table I. 

The weight losses of the underlying metal have been 
corrected for the time of immersion by referring them 
to the standard weight-loss/time curve described in 
Part I’; in other words, by expressing them as the 
ratio of the weight loss actually observed to that 
found under the ‘ standard ’ conditions for the same 
period of time. The weight loss of the control is 
only 32% of that of the original standard because 
batch 4 of paint A was entirely different in character 
from previous batches. 

These results agree with general practical experience 
regarding the harmful effects of matter enclosed 
between the metal and the paint. 


Effect of Aeration and Stirring of Sea Water 

Capacitance/time curves have been used to study 
the behaviour of panels painted in the normal manner 
and immersed under conditions in which the rate 
of attack was accelerated by means of (a) aeration, 
or (b) stirring of the sea water. In (a) the panels 
were supported as usual in beakers, and air was passed 
through the water from an orifice 0-25 cm. in dia., 
at a rate of about 2 bubbles per second. In (6) the 
panels, waxed over the backs as well as over the 
edges, were supported round the periphery of a glass 
tank of 12 in. dia., with the painted surfaces facing the 
centre of the tank ; the tops of the specimens were 
1} in. below the surface of the sea water when the 
latter was in motion. The sea water was stirred by 
means of a simple ebonite paddle (a blade 8in. x Lin. 
rotating about its middle point), at two speeds of 
rotation, 108 r.p.m. and 1641r.p.m. The rate of move- 
ment of water past the specimens was of the order of 
1 ft./sec., and 2 ft./sec., respectively. 

The relative effects of these varying conditions are 
shown in the capacitance/time curves in Fig. II, 
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which agree with visual observations, and with weight- 
loss determinations (Table II) corrected for varying 
times of immersion as already described. 


SUMMARY AND CONCLUSIONS 

The technique described in Part [' of this series 
of papers has been extended to include the use of 
measurements of electrical resistance and capacitance 
as a means of investigating the behaviour of immersed 
painted steel panels. The electrical properties, ex- 
pressed in the form of (1) capacitance/time, (2) log 
resistance/time and (3) conductance (1/)/time curves, 
have been shown to give good qualitative correlation 
with the ‘ area-rusted ’/time curves throughout the 
whole period of breakdown of the paint (* area rusted ’ 
being estimated visually without removing the 
immersed panels). In particular, the capacitance,time 
and conductance/time curves, by a sudden and large 
increase in steepness, give a valuable indication of 
the onset of rusting, this indication being free from 
the personal errors associated with visual observa- 
tions. The capacitance values can also give informa- 
tion about the properties of the paint film, such 
as thickness and water absorption, during the early 
stages of immersion. The theoretical basis of the 
results has been discussed and the technique has been 
used to investigate the influence of the following 
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Fig. 11—Effect of aeration and stirring of sea water 
on rate of breakdown of paint 
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Table II 
WEIGHT LOSSES OF SPECIMENS IMMERSED UNDER CONDITIONS OF ACCELERATED ATTACK 
/ 
iti Wt. of Period of = 2 AV Wt. loss 
Experiment = Dry ‘Paint, salen, Ww = Weight Loss, ‘ auenters ” wt. 
Immersion mg./sq. in. days . m¢. loss, °; 
(i) Stagnant 35-7 76 30-0 31-5 31 
| 35-0 32-9 
| 
(ii) Aerated 29.4 68 86-0 69-5 83 
27-8 53-0 
(iii) 108 r.p.m. | 32-2 66 74-8 82-8 105 
| 33-9 102-8 
34.4 68-0 | 
32-6 85.4 | 
(iv) 164 r.p.m. 30-0 52 | 158-8 110-3 228 
31-5 } 64-8 } 
31-5 | 84-8 | 
| 30-0 | 132-6 




















factors: type of paint, adverse conditions during 
painting, and aeration and stirring of the sea water. 

It is concluded that resistance/capacitance measure- 
ments on immersed painted metal panels can give 
useful information concerning the changes in the 
paint film and the incidence and progress of corrosion 
of the underlying metal. 
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chusetts, designed by the Metals Department of the 
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output of several tons per day, this furnace can be 
operated from pressures in the micron (10-* mm. Hg) 
range up to atmospheric. Its design is such that it 
can also be operated under partial pressures of various 
gases, such as argon, helium, nitrogen, or hydrogen. 
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Vanadium and Its Alloys 


A REVIEW OF PREVIOUS WORK 
By W. B. Pearson, M.A. 


SYNOPSIS 


The chemical and physical properties of vanadium metal are discussed, particularly in relation to the 
use of controlled atmospheres and refractory materials for containing the metal at high temperatures. 
Vanadium has a body-centred cubic structure, and the determinations of the lattice constant are briefly 
reviewed. Four methods of preparing the metal are described : (i) The alumino-thermic method ; (ii) the 
calcium reduction of the pentoxide ; (iii) the thermal decomposition of the di-iodide ; and (iv) the hydrogen 
reduction of the chlorides. Malleable vanadium can be obtained by the last three methods. An account 


of vanadium alloy systems is given under three main headings : (i) Alloys of vanadium with oxygen, nitrogen, 
carbon, and hydrogen ; (ii) the ferro-vanadium alloys ; and (iii) alloys of vanadium with various other elements. 


Attention is drawn to some of the experimental methods that will be required for the establishment of 


equilibrium diagrams of pure alloys of vanadium. 


Introduction 


steels and has been prepared for many years 

inanimpure form. At the present time malleable 
vanadium of purity ranging from 99 to 99-7%%, is 
gradually becoming available. It seemed of interest, 
theretore, to prepare a short review of the older work 
on the structure and constitution of vanadium alloys, 
because the work constitutes the first stage in the 
development of the science of the alloys of vanadium. 
Much of the earlier work will eventually have to 
be discarded, for the equilibrium diagrams are not 
representative of pure binary or ternary systems, 
but because of the intense reactivity of the metal 
at high temperatures, the older diagrams may continue 
to possess some value for alloys prepared under ordin- 
ary industrial conditions. It is hoped that the present 
review may have some intrinsic value, apart from 
saving readers the labour involved in searching the 
literature. It seems probable that at the moment 
the second stage of the science of vanadium alloys 
is being entered, for the attainment of a degree of 
purity of the order of 99-59, marks a very substan- 
tial advance. As much of the impurity consists 
of oxygen, an impurity content of only 0-3, by 
weight is equivalent to almost one atomic per cent of 
foreign atoms. It will thus be necessary to increase 
the purity of the metal to 99-95°, before alloys of 
vanadium can be investigated under satisfactory 
conditions of purity. 


CHEMICAL AND PHYSICAL PROPERTIES 

Vanadium is placed in the fifth group and the first 
transition period of the Periodic Table. In the fifth 
group it is related to the metals niobium and tanta- 
lum, which have the same body-centred cubic struc- 
ture at room temperature. Its relationship to metals 
of the first transition period is well shown in the 
graded series of binary alloys of iron with titanium, 
vanadium, chromium, manganese, cobalt, and nickel! 
(see Fig. 1). 

Vanadium metal, when pure, is malleable, but 
the presence of small amounts of certain impurities 
increases the hardness and brittleness. Absorption 
of hydrogen, for instance, renders it brittle? The 
best value for the melting point of vanadium is 
probably 1700 + 20°C — The results of different 


fr is a well-known constituent of certain 
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investigators vary, owing to the differing degrees 
of purity of the vanadium, and the accuracy of their 
temperature recording methods. 

The pure metal is soluble in dilute and concentrated 
nitric acid, insoluble in dilute hydrochloric and 
sulphuric acids, and has no ready reaction with 
boiling concentrated hydrochloric acid, or boiling 
50°, or concentrated sulphuric acid. | Four methods 
of etching the metal are described : (i) With nitric 
acid ; (ii) with 20°, sulphuric plus 5°, nitric acids ; 
(iii) with nitric plus acetic acids; and (iv) with 
an alkaline solution of potassium ferricyanide. 

Vanadium is a comparatively reactive metal. 
It oxidizes slowly at room temperature, but more 
rapidly at higher temperatures. The lowest estab- 
lished oxide is VO. Below VO,., the oxygen is 
believed to be in solid solution, deforming the vana- 
dium crystal lattice tetragonally. It reacts with 
nitrogen at red heat to form a stable nitride, VN. 
The metal, when activated by previous bheat-treat- 
ment in vacuo, takes up hydrogen, forming inter- 
stitial hydrides of indefinite composition. It also 
forms compounds with carbon, silicon, and sulphur, 
and will take these elements up from the walls of 
vessels in which it is melted. 

The reactive nature of vanadium, which is a mean 
between that of titanium and chromium, demands 
careful choice of controlled atmospheres and 
refractories for handling the metal and its alloys 
at high temperatures. Melting can be carried 
out under purified argon, or hydrogen, or in vacuo. 
When hydrogen is used, it must be pumped off 
while the metal is still molten. Attention must 
be paid to the complete exclusion of oxygen and 
nitrogen, especially during homogenizing anneals 
of long duration at high temperatures. Experiments 
with refractory materials have shown that vanadium 
and vanadium-rich alloys can be melted in pure 
thoria crucibles without contamination. Recerystal- 
lized alumina crucibles are not suitable for vanadium- 
rich alloys as there is considerable pick-up of alu- 
minium, but for alloys containing less than 25 atomic 
per cent of vanadium, alumina crucibles should be 
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Fig. 1—Equilibrium diagrams of the binary systems of iron with titanium, vanadium, chromium, manganese, 


cobalt, and nickel. 
diagrams after Hume-Rothery and Christian.! 


satisfactory, and with up to 50 atomic per cent of 
vanadium the use of thoria-lined recrystallized 
alumina crucibles results in very little pick-up of 
aluminium. Beryllia crucibles are not satisfactory, 
for if the temperature is raised much above the 
melting point of the metal, there is a violent reaction 
between vanadium and the crucible.4 Earlier investi- 
gators appear to have used magnesia crucibles to 
a large extent, but in one recent test a vigorous 
reaction took place between crucible and metal at 
the melting point of the latter. 

The physical properties of vanadium are discussed 
by Van Arkel® under the following headings : Density, 
compressibility, melting point, vapour pressure, 
specific heat, electrical resistance, and optical and 
mechanical properties. It is reported that the 
vapour pressure of liquid vanadium is small at tem- 
peratures immediately above the melting point.? 

Vanadium has a body-centred cubic structure at 
room temperature.° The lattice constant has been 
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determined by numerous workers. Van Arkel® 
gives a summary of the results of six investigators. 
The latest value, that of Ketelaar1 gives 3-025 A. 
for the lattice constant, and 6-07 g./c.c. for the 
density (temperature not stated). These agree with 
the results of Osawa and Oyva® and Mathewson, 
Spire, and Samans.’ Ketelaar used vanadium pre- 
pared by the decomposition of VI,. Neuberger’s® 
results, using Déring and Geiler’s® 99-9°%, vanadium, 
are significantly different. He obtained 3-0338 + 
0-0003 A. for the lattice constant, and 6-015 ¢./c.c. 
for the density at 25°C. Itis not known whether any 
investigator prepared filings for powder photographs 
in vacuo to prevent oxidation of the metal. The 
importance of using absolutely oxygen-free vanadium 
for the determination of the lattice constant was 
shown by Mathewson, Spire, and Samans,’ and 
by Klemm and Grimm,'® Mathewson and his co- 


workers finding that the presence of oxygen 
decreased the lattice constant, and Klemm and 
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Grimm finding that it decreased the a axis but 
increased the c axis, deforming the lattice tetragonally. 


PREPARATION OF PURE VANADIUM 

The methods that have been used in an attempt to 
make pure vanadium metal and the results obtained 
by various investigators have been fully discussed 
by Marden and Rich? and by Van Arkel.? The pro- 
duction of the pure metal in quantities greater than 
a few grams has proved arduous. The alumino- 
thermic process can be used on a fairly large scale, 
but the upper limit of purity of the product is only 
approximately 98%. This methcd has been used 
extensively by Oya,!® but his best result gave only 
98-4°% of vanadium. The reaction mixture that he 
used contained vanadium pentoxide, aluminium 
(in excess of the theoretical quantity), and sodium 
carbonate in the proportions of 150, 60, and 18 g. 
respectively. The sodium carbonate forms a fusible 
slag with the oxides. 

The method of Marden and Rich? of reducing vana- 
dium pentoxide by calcium in the presence of calcium 
chloride has been used when it is necessary to obtain 
several hundred grams of fairly pure vanadium. 
The product they obtained contained 99-3 to 99-8°% 
of vanadium, though more recent work has shown 
that the percentage yields of the purest product 
are not large. The best vanadium is obtained in 
the form of beads of up to 3 in. dia., though it appears 
that these are not all of uniform composition. A 
vanadium powder, containing some 4°, of oxygen, 
is obtained together with the beads. Marden and 
{ich reported that the beads were malleable and 
that the impurities were 0-05°, of silicon as silica, 
0-2°/ of iron, and a little manganese and uranium. 
Vanadium pentoxide is reduced by calcium in the 
presence of calcium chloride flux in a gas-tight steel 
bomb. Sample proportions of 175, 300, and 300 g. 
are mixed and placed in the bomb and well pressed 
down. <A tapered plug is fitted in the top and held 
tight on its ground seating by a heavy steel cap 
screwed over the top of the bomb. The bomb is 
heated in a furnace at about 900°C. for one hour. 
On cooling to room temperature the contents are 
chipped out into a large volume of distilled water, 
washed by decantation, treated with dilute hydro- 
chloric acid (1/8) to dissolve away the calcium 
hydroxide, and finally washed with distilled water, 
alcohol, and ether, and dried under vacuum. During 
final washing the powder is separated from the beads 
by agitation and decantation. The difficulty with 
this process is to get the vanadium completely free 
of oxygen. 

Van Arkel® stated that the product of the Marden 
and Rich process is not so maileable as that obtained 
by thermal decomposition of the iodide, or by the 
hydrogen reduction of the chlorides. These methods 
appear best suited for production of vanadium of 
the highest purity, but have not yet been developed 
for use on anything but a very small scale. Though 
titanium can now be purified by the thermal dissoci- 
ation of the di- and tetra-iodides at the rate of 
600 g. per run," the method is not so easily applicable 
to vanadium because of the lower volatility of van- 
adium di-iodide. Titanium tetrachloride can be 
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decomposed at a reasonable rate with a bulb opera- 
ting temperature of 175° C., and titanium di-iodide 
can be decomposed at 525°C., but vanadium di- 
iodide requires a bulb temperature of 900—1000°C. 
This means that a silica bulb must be used instead 
of pyrex, and the tungsten electrodes have to be 
sealed in by graded  glass-to-silica Van 
Arkel!? obtained 99-5°,, pure vanadium by thermal 
decomposition of vanadium di-iodide on a thin tung- 
sten wire. The impurity was 0-5% of iron. He 
also made malleable vanadium by conducting vola- 
tile vanadium tetrachloride and hydrogen over 
a tungsten wire heated at 800—-1000° C. The chloride 
is reduced to vanadium at the hot wire. This 
vanadium contains hydrogen and must be heated 
im vacuo to render it malleable. Doring and Geiler® 
made 99-9°, vanadium, the purest yet obtained, 
by reducing vanadium trichloride (non-volatile) 
with hydrogen at 900° C. In these reductions the use 
of nitrogen-free hydrogen is important to prevent 
the formation of vanadium nitride. 

Ruff and Martin? were unable to obtain vanadium 
absolutely free of either oxygen or carbon by the 
reduction of the oxides with carbon or vanadium 
carbide in vacuo. Recent work by Kroll and Schlech- 
tent has shown that carbon and oxygen 
exist in vanadium. 


seals. 


call CO- 


VANADIUM ALLOY SYSTEMS 

The binary and ternary alloy systems of vanadium 
with iron have received the most study because 
of their commercial importance, but no system has 
been fully investigated over the complete range of 
composition, and, in general, the vanadium used 
for the investigations has not been of the highest 
purity. Firstly, the systems of vanadium with oxygen, 
nitrogen, carbon, and hydrogen will be considered, 
and secondly, ferro-vanadium alloys. 

THE BINARY SYSTEMS OF VANADIUM WITH 
OXYGEN, NITROGEN, CARBON, AND HYDROGEN 
The Vanadium-Oxygen System 

Mathewson, Spire, and Samans‘ studied the lower 
vanadium oxides by means of X-ray powder photo- 
graphs and microscopic examinations. The alloys 
were prepared by sintering briquetted mixtures at 
temperatures just below the melting point. The 
oxide V,0, was shown to exist in equilibrium with 
vanadium, and there was no evidence of the existence 
of a compound V,O0. Koppel and Kaufmann™ 
had already demonstrated that the supposed sub- 
oxide V,O0 was a mixture of V,O, and vanadium 
Mathewson and his co-workers showed that V,O, 
had a rock-salt type of structure, and observed that 
V0, had a hexagonal structure, which was in agree- 
ment with the findings of Goldschmidt, Barth, and 
Lunde,!® and of Zachariasen® who showed V,O, 
to have a Cr,O, type of structure. Goldschmidt 
noted that VO, had a tetragonal SnO, type of crystal 
structure.” The structure of V,O0; was determined 
by Ketelaar.'* 

More recently, Klemm and Grimm investigated 
alloys up to V,O, by taking X-ray photographs,’® 
Klemm and Hoescheck”® investigated alloys between 
the limits V,O, and V,0; by X-ray powder photo- 
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graphs and magnetic measurements, and Abei*! 
used X-ray methods for his examination of alloys 
between V,O, and V,0O;. The alloys were made by 
heating mixtures of vanadium (99-19%) and V-—-O 
alloys, V,0, or V,O;, to various temperatures up 
to 1600°C. for alloys with lower oxygen content, 
and to the melting point for alloys between V,O, 
and V,0;. In the work of Klemm and his co-workers 
no attempt seems to have been made (a) to ensure 
that equilibrium was reached at the temperatures 
of annealing ; (6) to quench the alloys from any given 
temperature ; nor (c) to slow-cool them to room 
temperature so as to maintain equilibrium. Their 
findings, therefore, bear no relation to a temperature 
scale, and cannot be incorporated in an equilibrium 
diagram. Abei, on the other hand, heated the 
mixtures to 600° C. for 48 hr., then cooled them to 
room temperature at a rate of about 1-5° C./min. 
Powder photographs showed that, up to about 
VO,.,;, oxygen formed a solid solution in vanadium, 
deforming the lattice tetragonally. Between VO,.; 
and VO ,.. the phase structure is still in doubt. 
Between VO,., and VO,., the face-centred cubic 
VO phase exists at high temperatures, but at lower 
temperatures it breaks down to pure vanadium or 
a solid solution of oxygen in vanadium, and an X 
phase of undetermined composition and structure. 
The y phase, V,0O3, with the corundum structure, 
is found between VO,.3; and VQ,.,;, and the 8 phase 
between VOQ,.g9 and VO,.59. At VO,.g9 both the + 
and % phases were observed. The « phase, VO,, 
extends between VO,.,9 and VO,.9, but in the region 
VO,.9 to VOxg.. new lines were observed in the powder 
photographs, which were designated the x’ phase 
by Klemm. Lines caused by the V,O; structure 
were observed on powder photographs beyond VOg.33. 
Abei*! showed that the «’ phase was a compound of 
empirical composition VQO,.,,. He isolated the 
compound chemically, found it to have the formula 
V,.0.,. and determined its crystal structure by means 
of Fourier analysis. These findings are summarized 
in Fig. 2, which is a schematic diagram, whose ordinate 
is an undetermined temperature scale. Klemm and 
Grimm!® showed that the alloy VO .. had an abnor- 


mally high vapour pressure. Many similarities have 
been observed between the vanadium-oxygen and 
titanium-—oxygen systems. 
The Vanadium-Nitrogen System 

Vanadium combines with nitrogen to form a nitride 
VN. Its preparation and properties have been descri- 
bed by Roscoe,” Whitehouse,’ Friedrich and Sittig,?4 
and Moers.?° The system is also described by Mun- 
thmann, Weiss, and Riedelbauch.2® Roscoe’s descrip- 
tion of VN, has been shown to be in error. Hagg?* 
states that VN is the most nitrogen-rich compound 
that has been prepared. It melts at about 2000° C. 
Both Hagg, and Becker and Ebert*® investigated 
the compound by taking X-ray powder photographs, 
and showed it to have a cubic rock-salt type structure. 


Dawihl and Rix? measured the lattice constant of 


VN samples prepared from vanadium oxides, and 
gave values between 4-138 and 4-129 A. Analyses 
of the specimens are given for vanadium, nitrogen, 
carbon, and oxygen. Brager and Epelbaum??.41,s2 
discussed the preparation and investigation of VN, 
giving the lattice constant at 4-129 A. The nitride 
was prepared by thermally decomposing ammonium 
vanadate in a stream of ammonia. Formation of VN 
started at 400°C. and was complete by 1100°C. 
The intermediate products of this reaction, V.O,, 
VO., V,05, and VO were identified by means of X-ray 
powder photographs. Samples obtained in this decom- 
position, or by the oxidation of VN, were found to con- 
tain only VO and VN, which existed in solid solution. 


The Vanadium-Carbon System 

The many investigations of the vanadium-—carbon 
system have resulted in the description of a number 
of carbides. The carbides VC and or V,C, certainly 
exist, also a lower carbide, possiblyV,C. The relation- 
ship between VC and V,C3; has been explained by 
Maurer, Déring, and Pulewka.*8 — The discrepancies 
to be noted between the results of various workers 
are no doubt caused by impurities, particularly 
nitrogen, in the alloys. 

Moissan™ described various carbides prepared by 
the reduction of V,O, with carbon. Piitz3* isolated car- 
bides electrolytically from vanadium steels and propos- 

ed the formula V,C3. 
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adduced evidence for 
the compound V,C3. 
Ruff and Martin? 
measured the temper- 
ature of the onset of 
melting of alloys con- 
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Fig. 2—Schematic representation of phases present in the vanadium-oxygen 
system, after Klemm and Grimm! and others 
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trom physical measurements. Becker and Ebert™ 
prepared a carbide, which was believed to be VC, by 
reducing vanadium pentoxide with sugar charcoal in 
an electric furnace, compressing the product to a rod, 
and then reheating to 1200°C. X-ray examination 
of the carbide showed it to have a rock-salt or zine- 
blende type of structure, with lattice constant 4-30 A. 
Friedrich and Sittig®® prepared a carbide, said to be VC, 
by reducing V,0 3, and determined its melting point. 

Osawa and Ova® investigated the vanadium-— 
carbon system by X-ray analysis and microscopic 
methods. They gave an equilibrium diagram up to 
16°,, by weight of carbon, which showed the existence 
of carbides V,C and V,C3. The alloys were made 
from 98° alumino-thermic vanadium. Although 
the authors mention the use of a vacuum Tammann 
furnace, it seems probable that most of the alloys 
were made by heating the components to 2000° C. 
in magnesia crucibles, in air, in an electric furnace. 
In this case the allovs will be contaminated by 
nitrogen. Furthermore, the use of magnesia crucibles 
in the air at 2000° C. in the presence of carbon is 
unsatisfactory.4° The impurities present in the 
alloys may well cause Osawa and Ova’s findings 
to be significantly different from the equilibria 
which exist in the pure vanadium-—carbon system. 
Hagg*! and Hansen” are critical of the interpretation 
of these results. 

Westgren® noted the existence of the carbide VC 
with rock-salt structure, and another whose homo- 
geneous region was in the neighbourhood of V,C. 
Morette* studied the constitution of vanadium 
carbides, and stated that the stable form present 
in cast iron with between 7 and 27%, carbon is V,C3. 
Maurer. Doring, and Pulewka*® both isolated car- 
bides corresponding to V,C, or VC from steel, and 
prepared them synthetically. X-ray examination 
showed that all specimens had a face-centred cubic 
structure with lattice constant of 4-152 — 0-005 A. 


They suggested that VC had a complete rock-salt 


lattice but that carbon atoms in certain positions of 


the lattice were absent, giving V,C3, so that V,C, 
is probably a defective form of VC. Dawihl and 
Rix?® also determined the lattice constant of the 
compound VC made by the reduction of the oxide. 
They gave analyses of the carbides 
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The Vanadium-Hydrogen System 

Vanadium will take up hydrogen when heated in 
the gas, but does not form compounds of definite 
composition. The hydrogen can be withdrawn 
by heating in vacuo. The embrittlement of pure 
malleable vanadium after fusion under hydrogen 
has already been noted? Huber, Kirschfeld and 
Sieverts’” reported that the amount of hydrogen 
absorbed varies with both the temperature and 
the pressure. Using metal turnings or powde1 
(of approximately 90°, vanadium), they found 
that no absorption took place at room temperature 
or on moderate heating. It was necessary first to 
activate the metal by heating it in a vacuum at 
1100° C. for upwards of | hr. The activated metal 
took up hydrogen rapidly at high temperatures, 
but below 400°C. it absorbed only slowly, and at 
300°C. the rate of absorption was negligible. The 
equilibrium quantity of hydrogen taken up per gram 
of metal was greater at low than at high temperatures 
The greatest amount taken up on cooling the metal 
down to room temperature under an atmosphere of 
hydrogen corresponded to an atomic ratio of vana- 
dium/hydrogen of 10°56. The true equilibrium 
ratio will therefore be larger than this. Figure 3 
shows the equilibrium composition of the hydrides 
of various transition metals related to the tempera- 
ture. Further work was carried out by Kirschfeld 
and Sieverts*® using vanadium of up to 99°, purity. 
As a result of these experiments, and, quoting a 
result obtained by Halberstadt with a specimen ot 
96-9°,, vanadium, they give the highest vanadium 
hydrogen ratio, at room temperature and under 
one atmosphere pressure of hydrogen, as 1 0-72, 
though even this does not represent the true equili- 
brium ratio. Hiagg*® formed hydrides by heating 
vanadium in pure hydrogen, and investigated the 
product by means of X-ray powder photographs. 
New lines were observed, but they were too weak 
and blurred to allow interpretation. Barrer®” gave 
thermodynamic and statistical calculations for zeolitic 
solution of hydrogen in vanadium and other metals. 

FERRO-VANADIUM ALLOYS 

The [ron-Vanadium System 

The equilibrium diagram for the iron-vanadium 








1 








for vanadium, carbon, and oxygen. at? a 
The co-existence of carbon and oxygen 5 L 

in vanadium, made by carbon reduc- & Th 
tion of the oxide, has already been 63-01 i 
noted.4 Nowotny and Kieffer? have 2 — 
determined the lattice constant of 5 i om 
VC and compared their results with = 

those of earlier workers. VC forms 3207 2r 
uninterrupted solid solutions with § — 
other metal carbides in the systems ¢ 

TiC-VC, (Ta,Nb)C-VC, and TaC-VC. = j.04 
Only slight mutual solubility is found = 5 Ta 
in the systems HfC-VC and ZrC-VC.  & FTW 
WC and Mo,C are both fairly soluble © ‘ ; 


in VC. Mol’Kov and Vikker*® have 
investigated the following mixed car- 
bide systems: Ti-V-C: Mo-V-C: 
W-V-C; and Ti-Mo-W-\V-C. 
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Fig. 3—The composition of various metal hydrides at temperatures 
up to 1400° C., after Huber, Kirschfeld and Sieverts” 
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system, 


system, shown in Fig. 4, is based largely on the work 
of Vogel and Tammann,*! Maurer,®® Oya,!® and 
Wever and Jellinghaus.*? A continuous series of 
solid solutions exist as the x phase at high tempera- 
tures. The closed y-phase loop extends to 1-2%% 
of vanadium. The < phase has a peak at 1234°C. 
and 48%, of vanadium, and is surrounded by a two- 
phase region whose boundaries have not yet been 
accurately determined. ‘The ¢ phase is stable down 
to room temperature, and corresponds to a stoichio- 
metric composition of FeV (47-71% of vanadium). 
Much of this work, however, has been done with 
materials which were not pure iron—vanadium 
alloys, and many of the alloys were not analysed. 
The vanadium-rich alloys were usually melted in 
magnesia crucibles, and were apparently melted in 
So this, and most of the work subsequently 
be classed with modern work on 


air. 
described, cannot 
high-purity alloys. 

Vogel and Tammann’s®! alloys were mostly prepared 
from ferro-vanadium made by alumino-thermic 
reduction of the mixed oxides. Below 50% by 
weight of vanadium, alloys were melted in porcelain 
tubes, and vanadium-rich alloys were melted in 
magnesia tubes. All alloys contained about 1%, 
of silicon, and presumably oxygen and nitrogen also, 
as they appear to have been melted in air. Not all 
the alloys were analysed, and there is some doubt 
whether those that were, were analysed before or 
after fusion. Temperatures up to 1600°C. were 
measured by thermocouple, using a porcelain pro- 
tecting sheath, and those above 1600° C. by a Wanner 
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pyrometer which gave readings to within + 30°C. 
Liquidus and solidus curves were established up to 
70% of vanadium. Neither the y nor the < phases 
were noted. The two-phase region which they 
observed in re-melted alloys above 30% of vanadium 
was attributed to the uptake of carbon or oxygen. 

Maurer,** working with ferro-vanadium steels of 
low carbon content (0-04 to 0-09%), concluded that 
the iron-vanadium system contained a closed +- 
phase loop with a zenith at 2-1% of vanadium. 
Hansen,*? however, interprets these results to show 
that the zenith lies at 1-2°% of vanadium. The 
+ phase has a face-centred cubic structure. 

Oyal® prepared alloys alumino-thermically from 
oxide mixtures, or from 97°, alumino-thermic vana- 
dium and iron. The alloys were apparently melted 
in air, and thus would contain oxygen and nitrogen 
as impurities, together with those arising from 
the use of alumino-thermic vanadium. The -+- 
phase loop was investigated by thermal analysis. 
The A, transition point disappeared at about 2°, 
of vanadium and the A, point at about 2-8% of 
vanadium, so that it was concluded that the y-phase 
loop extended to 2-5°% of vanadium. The magnetic- 
transformation point was determined for alloys 
annealed at 900°C. for 30 min. and then slowly 
cooled. The A, point increased to a maximum at 
15°, of vanadium, then fell to room temperature at 
about 35°, of vanadium. No liquidus or solidus deter- 
minations were made. X-ray and microscopic inves- 
tigations were carried out up to 81-5°%, of vanadium, 
the former showing all alloys to have a body-centred 
cubic structure, and microscopic analysis showing 
all alloys to form a continuous solid solution. The 
alloys were not analysed, their composition was 
inferred from the original oxide or metal mixtures. 

The work of Wever and Jellinghaus®” is the most 
reliable vet carried out on this system, and their 
discovery of the ¢ phase explains inconsistencies 
in earlier magnetic and microscopic investigations. 
Their alloys were made from ferro-vanadium master 
alloys, and contained, on the average, 0-07%, of 
carbon and 0-93°, of silicon (maximum 2-01°, of 
silicon). Observation of liquidus and solidus curves 
extended to 80%, of vanadium and gave values 
somewhat higher than those of Tammann and Vogel. 
Wever and Jellinghaus placed the zenith of the y- 
phase field at 1-1°% of vanadium for an alloy contain- 
ing 0-01%, of carbon. Cooling curves were followed 
down to 600°C. and showed definite arrests, due 
to the < phase, between 29 and 60°, of vanadium. 
The ¢ phase curve has a maximum at 1254° C. and 
48°, of vanadium. The ¢ phase represents a homo- 
geneous brittle FeV compound of undetermined 
crystal structure. They found that the lattice 
constants of alloys of the « solid solution, quenched 
from above 1300° C., were less than those required 
by Vegard’s Law. The magnetic transition point 
for quenched « solid solutions first increased with 
addition of vanadium, then decreased to room 
temperature at approximately 58°, of vanadium. 
Solid solutions of the compound FeV with vanadium 
or with iron were found to be non-magnetic at room 
temperature. It was later noted by Wever and Jelling- 
haus® and by Andrews that the ¢ phase, FeV, of 
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the iron—vanadium system, was isomorphous with the 
ao phase, FeCr, of the iron—chromium system (also 
with the CoCr phase of the cobalt-chromium system). 

Honda®> determined the magnetic change point 
of ferro-vanadium alloys, but did not state the method 
of preparation of the vanadium. In finding a 
continual decrease of the A, point (slowly to 32°% 
of vanadium, then rapidly between 32 and 40°,) 
his results differ from those of other workers, and 
are, no doubt, in error. Beyond 30°, of vanadium, 
the differences between the measurements of Wever 
and Jellinghaus and those of Honda and of Ova are 
attributable to Honda and Oya both observing 
alloys which were not in equilibrium, so that the 
readings obtained would depend on the extent to 
which the decomposition of the x solid solution to 
the compound FeV had taken place. Tammann°? 
described the behaviour of ferro-vanadium alloys of 


various compositions with the aqueous solutions of 


salts of other metals. Ruf®? measured the specific 
resistance, temperature coefficient of specific resist- 
ance, thermal expansion. and density of ferro- 
vanadium alloys with 6, 12, and 18°, of vanadium. 


Nishivama®® measured the lattice constants for 


iron—vanadium alloys containing up to 8°, of vana- 
dium. The alloys were prepared in a Tammann furnace 
under hydrogen, and, after forging, were annealed 
in vacuo for 2 hr. at 700° C. They were then furnace- 
cooled to room temperature. Osawa and Oya® 
measured the lattice constants of iron—vanadium 
solutions for alloys which had been annealed for 8 hr. 
at 1100° C. and slowly cooled to room temperatures. 
The alloys were prepared from 97-98°,, alumino- 
thermic vanadium. The general form of their measure- 
ments is confirmed by the measurements of Wever 
and Jellinghaus on alloys quenched from 1300° C. 
Such confirmation should not exist, for Osawa and 
Ova’s alloys, containing 29-60°,, of vanadium after 
slow cooling from 1100°C., should have consisted 
partially, or largely, of the <¢ phase. Osawa and 
Oya obtained an extrapolated value of 3-044 A. 
for the lattice constant of pure vanadium. (In 
1930, however, they gave a value of 3-024 A. obtained 
from photographs of a specimen containing 98-5°, 
of vanadium.®) 

Saklatwalla!® has written a monograph on the 
subject of “ The Constitution of TIron—Vanadium 
Alloys.” 

The Iron-Carbon-Vanadium System 

Because of its importance to vanadium steels the 
iron-rich corner of the ternary iron—carbon—vanadium 
system has been investigated by a number of workers. 
Vogel and Martin® attribute the increase of hardness 
in vanadium steels to: (i) Greater hardness of the 
ferrite phase in pearlite; (ii) the decrease in grain 
size in pearlite decomposition, even on ordinary cool- 
ing ; or (iii) separation of the very hard V,C,. Kinzel 
and Burgess®! stated that the value of vanadium 
in improving cutting conditions of high-speed steel 


was not yet understood, although refinement of 


secondary grain is one possibility. 

Jarly investigations into the iron—carbon-vanadium 
system include papers by Piitz,9®° Guillet,6? Pert- 
evin,® and Arnold and Read.2® Oya® investigated 


FEBRUARY, 1950 


155 


the system by dilatometric, magnetic, and micro- 
scopic methods, and proposed an equilibrium diagram. 
The solubility of carbon in the y solid solution 
decreases markedly on adding vanadium. In 
addition, Ova® also deduced an equilibrium diagram 
for the whole of the iron-carbon—vanadium system. 
Alloys for the experimental work were made from 
Swedish steel and either a ferro-vanadium alloy or 
alumino-thermic vanadium containing approxim- 
ately 98%, of vanadium. Thermal, microscopic, 
and X-ray analyses were carried out. Alloys were 
melted in alumina or magnesia tubes, apparently 
in air. Experimental conditions do not appear 
to have been very rigorous, thermal analysis, for 
instance. being carried out in alumina tubes, in air 
at a cooling rate of 60° C./min. No ternary compounds 
were observed, but five phases are described : Gamma, 
alpha, Fe,C, epsilon, and beta ; and binary and ternary 
peritectic, eutectic, and eutectoid reactions are listed. 
Vogel and Martin® investigated the Fe-V—Fe,C-V,C, 
field. They described the boundaries of the closed 
*y field and observed the temperature of the magnetic 
transition point. The formation of pearlite was 
discussed, together with the effect of vanadium on 
the temperature of pearlite decomposition. The 
only vanadium carbide found in the range investi- 
gated was V,C,. A section of the idealized ternary 
equilibrium diagram is given, as well as pictures of a 
three-dimensional space model. Hougardy®® gave an 
equation relating the maximum percentage of vana- 
dium in the +7 phase to the percentage of carbon 
present in the alloys, additional vanadium occurring 
as V,C,. Microstructures showed V,C, and Fe,C 
to be the only carbides present—they do not form 
double carbides, but are precipitated separately. 
Wever, Rose, and Eggers®* examined the system by 
thermal and microscopic methods, and gave a space 
model and sections at constant vanadium content up 
to 5°,. Shapiro and Strauss® surveyed the influence 
of various elements, including vanadium, on the 
position of the eutectoid in the iron—carbon system. 
The Silicon-Vanadium System 

Investigations of the silicon—vanadium system 
have provided evidence for the compounds VSig, 
V.Si, and V,Si. Moissan and Holt®* described the 
preparation of VSi, and V,Si by the reduction of 
V,0, and V,0; with silicon, and treatment of the 
product alternately with nitric or sulphuric acids 
and 10°, potassium hydroxide solution. Lebeau” 
described the preparation of various metal silicides, 
including V,Si and VSi,. Barduc Muller’ discussed 
vanadium-silicon alloys. Giebelhausen*? made alloys 
containing up to 80°, of vanadium by melting vana- 
dium and silicon together in quartz tubes, and deter- 
mined their melting points. The vanadium was 
prepared alumino-thermically in magnesia-lined hess- 
ian crucibles. Temperatures were measured by a 
thermocouple enclosed in a_ silica’ sheath. A 
eutectic occurs at less than 5°, of vanadium, and the 
summit of the liquidus and disappearance of the 
eutectic arrest is at 48°, of vanadium. Microscopic 
examination of unetched alloys showed a_ solid 
solution of vanadium and VSi, between 48%, and 
at least 60° of vanadium. Wallbaum*® carried 
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out an X-ray examination of V,Si, and showed it 
to have a cubic lattice of the 6-tungsten type, being 
isomorphous with Cr,Si. The lattice constant was 
given as 4-712 A. Wallbaum” also showed VSig, 
NbSi,, and TaSi, tobe isomorphous. The lattice 
constants for VSi, are :a¢ = 4-562 A. andc = 6-359 A. 
The Iron-Silicon-Vanadium System 

Tammann and Vogel! investigated the iron- 
silicon—vanadium system for alloys with an average 
silicon content of 7-5°%. The alloys were formed 
alumino-thermically in hessian crucibles. Alloys 
of low vanadium content were melted in porcelain 
tubes, and those of high vanadium content in magnesia 
tubes. The liquidus and solidus curves were obtained 
by thermal analysis. Vogel and Jentzsch-Uschinski” 
studied the system more recently, and gave ternary 
and sectional diagrams obtained by microscopic 
and thermal methods. The silicides, FeSi and 
VSi,, form a binary eutectic at 1310°C. and 15°, 
of vanadium. The system is further described in 
terms of the iron-vanadium solid solution, and the 
FeSi, VSi,, V.Si, and (Fe,Si),V; phases. 


2 
The Sulphur-Vanadium System 

Kay’® described the preparation of three vanadium 
sulphides : (i) V.S; by heating V,O, in a stream of 
hydrogen sulphide ; (ii) VS, by heating V.S, in air ; 
and (iii) V.8; by heating VS, with sulphur in the 
absence of air. Biltz and Kécher*’ used vapour- 
pressure measurements and X-ray analysis to investi- 
gate the system. They worked with vanadium 
of 99-6% purity. They showed that the sulphide 
VS, was stable up to 400° C. in the presence of sulphur, 
V.S, was stable up to 500°C. and that VS ‘could 
be obtained by heating V,S; in hydrogen. The « 
phase, VS, is stable up to a composition of VS,.1¢- 
It has a nickel arsenide type of structure, with lattice 
constants: a= 3-34 and c=5-78 A. The 
@ phase, with less symmetrical structure, is found 
between VS,.,- and VS,.5,. The sulphide VS forms 
a eutectic with vanadium. No evidence was found 
for the compound V,S8;.  Hoescheck and Klemm‘ 
also made measurements of the lattice constants 
and densities of vanadium sulphides. Their results 
differ slightly from those of Biltz and Kocher. Simil- 
arities between the vanadium-sulpbur and vanadium— 
selenium systems were noted by Hoescheck and 
Klemm. 
The Iron-Sulphur-Vanadium System 

Vogel and Wiistefeld’® investigated the iron— 
sulphur—vanadium system in the Fe-V-VS-FeS field. 
The binary diagrams and a plan of the ternary diag- 


ram are given. Nutectics are formed between 
FeS and iron, and VS and vanadium. Continuous 
solid solutions are formed with each other. An 


isothermal section of the ternary diagram at a temper- 
ature of 20°C. is also given, together with vertical 
sections for iron/vanadium ratios of 91, 8:°5.1-5, 
and 4/1, vertical sections along the lines Fe-VS 
and FeV-VS, and other diagrams. 


The Iron-Oxygen-Vanadium System 
The iron-oxygen-vanadium system has been 
studied by Mathewson, Spire and Samans,* using 
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microscopic and X-ray methods. Alloys were made 
by sintering mixtures in vacuo. They showed the 
existence of four oxide phases, FeO (solid solution), 
FeV,0,, V,03, and V,0,. The system is described 
in terms of these constituents. Vanadium separates 
from the solid solution in V,O,, so that this is the 
lowest oxide of vanadium observed. It is stated 
that V,O, reduces FeO. 
The Iron-Nitrogen-Vanadium System 

The only work on the iron-nitrogen—vanadium 
svstem is by Brick and Creevy,5° who stated that 
the solution of nitrogen in iron-vanadium alloys 
raised the melting points considerably. 
The Iron-Hydrogen-Vanadium System 

Kirschfeld and Sieverts* studied the absorption of 
hydrogen by three ferro-vanadium alloys, which 
contained 9-1, 22, and 70-9%, of vanadium. They 
gave curves relating the volume of hydrogen absorbed 
per gram of metal to the temperature, and also to 
the vanadium content of the alloys at various temp- 
eratures. 
The Iron-Cobalt-Vanadium System 

The cobalt-vanadium system has not been inves- 
tigated. K6ster and Wagner’! observed the effect 
of a 4.1 vanadium iron mixture on the <-y trans- 
formation of cobalt, and found that the hysteresis 
between. heating and cooling (ey and y—<) transition 
points increases with increase of ferro-vanadium 
content of the alloy. The y phase has a face-centred 
cubic structure, and the <¢ phase has a hexagonal 
structure. Koster and Lang* investigated the system 
by alloying cobalt with ferro-vanadium alloys having 
iron/vanadium ratios of 119, 1/4, 1/1, and 4/1. 
They give a section of the ternary diagram for a 
temperature of 20° C., and sections for the constant 
iron/vanadium ratios. They also give a_ section 
for allovs with 50°, of cobalt and various vanadium 
percentages. Observations extend from the iron- 
rich and cobalt-rich corners of the ternary diagram to 
about 70%, of vanadium. Nesbitt and Kersall*® 
described an iron—cobalt—vanadium alloy known 
as Vicallov which can be used as a permanent-magnet 
material. 
The Nickel-Vanadium System 

Giebelhausen™ investigated nickel-vanadium alloys 
containing up to 36°,, of vanadium. In this range 
twelve points were obtained on the liquidus and 
solidus, which were interpreted as showing a contin- 
uous solid solution. Microscopic analysis showed 
a two-phase region bevond 20% of vanadium and 
below about L1LO00°C. The alloys were melted in 
porcelain tubes, apparently in air, and were made 
from alumino-thermic vanadium. Although Giebel- 
hausen’s results indicate that the nickel-vanadium 
equilibrium diagram is of the same form as the iron— 
vanadium diagram, a continuous series of solid 
solutions cannot exist over the whole range of 
composition because of the difference in the crystal 
structure of nickel and vanadium. Giebelhausen 
also measured the temperature of the magnetic 
transition point for alloys containing up to 10% of 
vanadium, and tound marked hysteresis. 
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The Iron-Nickel-Vanadium System 

Kiihlewein® studied the iron-nickel-vanadium 
system using X-ray, electrical resistance, specific 
gravity determination, and magnetic methods. The 
alloys contained carbon, as they were made from 
Swedish high-carbon steel, together with Mond 
nickel and a ferro-vanadium alloy. The cast alloys 


were annealed for ] hr. at 900° C. in a current of 


hydrogen. X-ray powder photographs showed that 
the body-centred «-phase alloys of iron and nickel 
underwent a transition, with the addition of 15 to 
20% of vanadium, to a phase of the same structure, 
but which had a greater lattice constant. Alloys 
with 15% of vanadium and 85°, of iron gave only 
one set of lines, corresponding to a body-centred 
cubic structure, when examined by means of X-rays. 
But an alloy containing 20°(, of vanadium and 80°, 
of iron gave two sets of lines, both for a body-centred 
cubic structure. The lattice constant given by one 
corresponded to pure iron; the other was larger. 
An alloy composed of 25°, of vanadium and 75% 
of iron showed only lines corresponding to the struc- 
ture with the larger lattice constant. Alloys con- 
taining nickel as well as iron and vanadium also 
undergo this transition at compositions indicated by 
the line eb in Fig. 5, but in the powder photographs 
the lines for the two body-centred cubic lattices are 
too close to allow further interpretation. Lron- 
rich alloys containing 30°, of vanadium show a 
new phase whose structure was not identified. Alloys 
with vanadium content less than 20° pass from the « 
phase to a two-phased («% -- +7) region, then to the 
homogeneous face-centred +y phase, with increasing 
nickel content. The magnetic transition point is 
lowered by about 40° C. by a 1°, addition of vanadium 
in the y phase. Curves are given which relate 
magnetic transition point, specific gravity, and 
specific resistance to the composition of the alloys. 
ALLOYS OF VANADIUM WITH VARIOUS OTHER 
ELEMENTS 

The Copper-Vanadium System 
The copper—vanadium system is referred to by 
Guillet85 and Norris.86 Giebelhausen™ investigated 
alloys containing up to 21% of vanadium by chemical 
and thermal analyses. The alloys were heated to 
1800° C. in magnesia tubes. The metals were not 
miscible in the liquid state. The solid metal contained 
two phases, copper-rich and vanadium-rich, which 
contained only traces of the other metal in solid 
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Fig. 5—The findings of an X-ray powder photograph 
examination of the crystal structure of iron- 
nickel-vanadium alloys, after Kuthlewein*! 


FEBRUARY, 1950 


solution. Dowson*’ studied the copper-rich end of 
the system and showed that the solubility of vanadium 
in copper was smal]. The probable form of the equili- 
brium diagram in this region was determined. The 
alloys were stated to be harder than copper and 
capable of age hardening. 
The Silver-Vanadium System 

Giebelhausen,” by studving an alloy with 12°; 
of vanadium, showed silver and vanadium to be 
mutually immiscible, in both the liquid and solid 
state. 
The Mercury-Vanadium System 

The solubility of vanadium in liquid mercury is 
very small, and could not be detected by an electro- 
chemical methed used by Tammann and Hiniiber.*$ 
Irvin and Russel*® stated that the solubility is less 
than one part in ten million. y 


The Aluminium-Vanadium System 

The aluminium-—vanadium system is more interes- 
ting. The existence of the compound Al,V has been 
established. and other compounds richer in vanadium 
also exist. The solid soiubilitv of vanadium in 
aluminium is small, Matignon and Marrett®® isolated 
a residue from an aluminium-vanadium alloy which 
might have been AIV. Czak6® investigated alum- 
inium—vanadium alloys microscopically. They were 
prepared by the alumino-thermic reduction of vanadic 
acid. On the addition of vanadium to aluminium, 
crystals of a new phase were observed at 1°, of 
vanadium. This phase became homogeneous at 
34°5°%, of vanadium, and crystals were isolated 
chemically by treatment of the alloys with hydro- 
chloric acid. Analysis of the crystals showed them 
to have the composition Al,V. Alloys containing 53, 
60-7, and 79-3°, of vanadium also showed evidence 
of the existence of compounds which would corres- 
pond to Al,V or Al,V3. AV, and AlV, respectively. 
The formulation of these compounds is, however, 
open to doubt. The addition of vanadium to alumin- 
ium and to aluminium-copper alloys has been 
discussed.% Roth®? determined the solid solubility 
of vayadium in aluminium by lattice-parameter 
and electrical-resistivity measurements, and placed 
the solubility limit at 0-37°, of vanadium. It 
was not affected by change of temperature. Addition 
of vanadium to aluminium causes a decrease of the 
aluminium lattice-constant until 0-37°% of vanadium 
has been added, when the Al,V phase first appears. 
Bauer™ took X-ray powder photographs of Al,V 
crystals and showed them to have a_ tetragonal 
lattice similar to AI,Ti. The lattice constants 
were given as: a == 5:334 A. and ¢ 8-305 A. 
The sample investigated contained 36-°5°, of vana- 
dium, compared with 38-7°, of vanadium required 
for the compound Al,V. 
The Zirconium-Vanadium System 

Wallbaum® showed the structure of ZrV, to be 
of the MgZr, type, and gave the dimensions of the 
unit cell. 
The Phosphorus-Vanadium System 

Zumbusch and Biltz%® investigated the phosphides 
of vanadium, niobium, and tantalum. The vanadium 
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alloys were made by the cathodic reduction of vana- 
dium pentoxide-phosphate mixtures, or of metal— 
phosphate melts. They found the compounds VP,, 
VP, and V,P. Above 710° C. VP, decomposes to VP, 
which is stable to 1050°C. It was shown by X-ray 
powder photographs that VP, is similar to NbP, and 
TaP,, and V5P similar to Cr,P and (Fe,Co,Ni),P. 
Other lines were observed in the X-ray powder 
photographs between the compositions VP and VP, 
which did not correspond to either of these two 
compounds. 
The Arsenic-Vanadium System 

Morette®’ prepared the compound AsV by heat- 
ing vanadium powder with an excess of arsenic, 
in an evacuated quartz tube, to temperatures up to 
1000° C., and then distilling off the excess arsenic. 
The compound was also prepared by other methods, 
and its density and magnetic susceptibility were 
determined. The chemical reactions of the compound 
were given. When heated in vacuo to above L000° C. 
it dissociated to AsV,. 
The Selenium-Vanadium System 

Hoescheck and Klemm® showed that the selenium-— 
vanadium system was similar to the vanadium— 
sulphur system. The lowest selenide formed was VSe 
(x phase). It has the nickel arsenide structure with 
lattice constants: a = 3-58 A. and ¢ = 5-977 A 
The 8 phase was found between VSe,.9; and VSe,.¢o, 
and the y phase, with cadmium iodide structure, 
between VSe,.g. and VSe,.9. Fhe compounds were 
formed by passing hydrogen over selenium, then 
over V,0 3, both of which were heated in a quartz 
tube. The product was powdered and decomposed 
thermally to give alloys of composition between 
VSe and VSe,.9,. 
The Manganese-Vanadium System 

Cornelius, Bungart, and Scheidt studied the 
manganese—vanadium system, for allovs containing up 
to 79° of vanadium, by the observation of hardness, 
microstructure, onset of melting, and also by X-ray 
methods. They do not give an equilibrium diagram, 
and all alloys contained more than 4%, of impurities. 


CONCLUSIONS 


Much of the work on the alloy systems of vanadium 
which has been described falls short of the require- 
ments necessary to give results of the highest accuracy. 
Three aspects seem to be outstanding: (i) The pro- 


duction of vanadium of high purity ; (ii) the use of 
and (iii) the use of 


the correct refractory materials ; 
controlled atmospheres. 

The first has now progressed to the stage where 
malleable vanadium will be available in reasonable 
quantity, and although it is not of the highest purity 
desired, it will certainly be a great improvement on 
alumino-thermic vanadium previously used for equil- 
ibrium diagram work. Of the three methods that can 
be used satisfactorily for the production of malleable 
vanadium, the thermal decomposition of the di- 
iodide and the hydrogen reduction of the chlorides 
have only been used on a very small scale, the calcium 
reduction of the pentoxide offers more scope for the 
production of the metal in a fair quantity, and is 
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now employed in Great Britain and in the United 
States of America, but alumino-thermic vanadium 
is of no use for making high-purity alloys. 

Preliminary tests with refractories for crucibles 
showed that thoria was a suitable refractory for 
containing molten vanadium-rich alloys, and that 
thoria-lined recrystallized alumina crucibles could 
be used to contain alloys of lower vanadium content. 
Magnesia, which had been used extensively in earlier 
work, is not suitable. 

Fusions and anneals of alloys must be carried out 
im vacuo or in an atmosphere of pure argon.  In- 
sufficient attention has been paid to the prevention 
of oxygen and nitrogen contamination of vanadium 
alloys in much of the work described, and as vanadium 
metal oxidizes slowly at room temperature, the most 
accurate determination of lattice constants by X-ray 
powder photographs requires that filings of vanadium 
or vanadium-rich alloys should be made in vacuo. 
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HistoricaL Nore No. 16 


The English Knife in the Early Middle Ages 


By Dr. H. 


(ANY specimens of early English knives have 
been excavated at Anglo-Saxon burial places, 
and are now preserved at various museums in 

this country. They all have the same charactevistic 
shape by which they are clearly distinguished from 
the contemporary knives made on the Continent. 
The back of the blade of the continental knife is 
curved and points slightly upwards at the end, 
whereas the back of the English blade is straight, 
angular, and points downwards towards the end. 


This is quite significant for the English knives 
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for example in Western, 
Middle, and Southern Germany. To these parts of the 
Continent English knives were sent. Some specimens 
have been discovered in a sand pit near Strasskirchen, 
south-east of Straubing in Bavaria, in Oberfranken 
(northern Bavaria), and at the village of Goddelsheim, 
in the former principality of Waldeck in Middle Ger- 
many.” These knives, excavated in burial places 
of the late eighth century, all have the angular shape 
characteristic of the English knife of Northumbrian 
origin. 


in the eighth century, 
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sent to Mainz, in Geemany, 
eighth century 4.D.? 

"These knives came from the Anglo-Saxon kingdom 
of Northumbria, a principal centre of European 


civilization and learning, extending from the Humber 
The influence of 


northwards, well into Scotland. 
English culture, radiating from Northumbria, can be 
traced wherever the Anglo-Saxon missionaries went 





Manuscript received 31st December. 1948. 

Dr. Schubert is Historical Investigator to The Iron and 
Steel Institute. 
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The particular angular shape of the early medieval 
English knife remained unaltered until about 4.p. 1030. 
The last evidence of this is supplied by a picture 
of a banqueting scene, in an Anglo-Saxon manuscript 
in which a knife, evidently to be used for carving, 
can be seen placed on the table.* The manuscript 
was written in the early eleventh century, but the 
pictures are of a somewhat later date. 

2Germania, vol. 20 (Berlin 1936), 
Tafel 42, Abbildung 1, No. 3, facing p. 200; vol. 22, 
(Berlin 1938), illustration : Tafel 11, No. 4, facing p. 45. 
The author is indebted to Professor Haseloff of Wurzburg 
University, Bavaria, for drawing his attention to these 
German discoveries. 

3 British Museum, Cotton MS., 


illustration : 


Claudius B IV, fol. 35b. 
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A SpEcIAL SUMMER MEETING OF THE [RON AND STEEL INSTITUTE was held in Norway from 
Monday, 30th May, to Monday, 6th June, 1949, by invitation of the Norwegian Metallurgical 
Society (Norsk Metallurgisk Selskap) and representatives of Norwegian metallurgical indus- 


tries. 


Two joint sessions, at which technical papers were discussed, were held with the Nor- 


wegian Metallugical Society : one in the Aula of Oslo University, on Tuesday, 31st May, 1949, 
and the other on board M/S Venus, on Wednesday, Ist June, 1949. A full programme of visits 
to works and excursions to places of interest was arranged for Members and Ladies. 

The M/S Venus, which provided accommodation during the Meeting, left Newcastle-on-Tyne 
at 8.0 p.m. on Saturday, 28th May. and arrived in Oslo at 6.0 A.M. on Monday, 30th May. 


RECEPTION COMMITTEE 


NORWEGIAN Reception Committee, of which Mr. G. 

A Schjelderup kindly consented to be Chairman, was 
formed to make all the arrangements in Norway. 
Mr. Christian Sommerfelt was the Honorary Secretary. 
Ladies’ Reception Committees were also formed at Oslo 
and elsewhere, with Mrs. L. Schjelderup as Chairman.* 
The Council wish to express their thanks to the Chair- 
man and Members of the main Norwegian Reception 
Committee and of the Local Committees, to the Nor- 


wegian Metallurgical Society, and to the Directors of 


the workst in Norway who kindly invited Members and 
Ladies to visit them or otherwise contributed to the 
arrangements made in Norway. They would also like 
to thank the officers and crew of the M/S Venus, the 
authors of all the papers, and the many other persons 
in Norway and in England who so willingly collaborated 
with the Staff of the Institute in organizing the Meeting. 


TECHNICAL SESSIONS 
Oslo University, 3lst May 
Dr. J. Gérrissen, President of the Norwegian Metal- 
lurgical Society, who was in the Chair, welcomed the 
Members of The Iron and Steel Institute to Norway. 
Sir Andrew McCance, F.R.S., President of the Institute, 
replied on behalf of the Institute and then took over the 
Chair. 
The following papers were discussed : 
(1) ‘‘Some Notes on Brittleness in Mild Steel,” 
by J. Go6rrissen. 
(2) ‘‘ Experiences in the Study of Isothermal 
Transformations,’ by T. F. Russell and C. Mavro- 
cordatos ; ‘‘ The Acceleration of the Rate of Isothermal 
Transformation of Austenite,”’ by M. D. Jepson and 





*The names of those who served on the Reception 
Committees were given in the May, 1949, issue of the 
Journal, p. 102. 

+A short description of each of the works visited was 
given in a Detailed Programme Book issued to each 
Member taking part in the Meeting. 
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F.C. Thompson; and ‘‘ Determination of an Isothermal 
Transformation Diagram with an Optical Dilatometer,”’ 
by J. K. L. Andersen. 

(3) ‘‘ The Properties of Olivine and its Uses for 
Refractories and Moulding Sands,” by K. J. Stenvik. 


On Board M/S Venus, Ist June 


Sir Andrew McCance, who was in the Chair, opened 
the Session by saying that it was the first time in the 
history of the Institute that a technical meeting had 
been held on board a ship under way. 

The Session was devoted to the discussion of the 
following papers : 

(1) ‘‘ The Manufacture of Electric Steel in Great 
Britain,’”’ by the Electric Process Sub-Committee of 
the Steelmaking Division of the British Iron and 
Steel Research Association; and ‘‘The Sdéderberg 
Electrode System,” by H. Christiansen, jun., and B. 
Ydstie. 

(2) ‘*‘ Features from the Planning of an 
Smelting Plant for Pig Iron in Mo i Rana,” 
Muller. 

The papers discussed at the Meeting were published 
in the May, 1949, issue of the Journal, with the exception 
of the paper by Mr. B. Muller which was published in 
a special English issue of the Norwegian Journal of 
Chemistry, Mining, and Metallurgy* ; a report of the 
discussion at this Session will be found on pp. 163 to 172 
of the present issue of the Journal. 


Electric 
by B. 


Additional Papers 
The following papers were specially prepared for the 
Meeting but were not discussed : 
“The Electrochemical and _ Electrometallurgical 
Industry of Norway,” by C. W. Eger. 
‘‘A Brief History of Electric Pig-Iron Smelting in 
Norway,” by H. Christiansen, jun. 





* Tidsskrift for Kjemi, Bergvesen og Metallurgi, 1949, 
vol. 9, No. 5, May, pp. 74-79. 
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“* Tron Ore Concentration at Sydvaranger, Norway,” 
by J. K. Johanssen. 

** Agglomeration of 
W. Lund. 


Taconite Concentrate,’ by 


VISITS AND EXCURSIONS 
Monday, 30th May—at Oslo 

Sir Andrew McCance, Mr. G. Schjelderup, and a 
number of Members of the Institute had the honour of 
being received in audience at the Palace by H.M. Crown 
Prince Olaf of Norway. 

At mid-day Members and Ladies were entertained by 
the Corporation of the City of Oslo to a buffet luncheon 
at Akershus Slott. Before the luncheon the Lord Mayor 
of Oslo welcomed the Members and Ladies to Norway 
and particularly to Oslo; the President replied. 

During the afternoon Members visited one of the 
following works in or near Oslo: 

A/S Akers Mekaniske Verksted 
Christiania Spigerverk 

A/S Kvaerner Brug 

A/S Sénnichsen Roervalseverket 
A/S Emaljeverket 

The Ladies made a tour by motor coach round Oslo. 

In the evening Members and Ladies attended a 
Banquet and Dance at the Hotel Bristol, Oslo, at which 
Mr. H. Lange, Norwegian Minister for Foreign Affairs, 
and Sir Laurence Collier, H.M. Ambassador in Oslo, 
were present. Mr. G. Schjelderup, who was in the Chair, 
welcomed the Institute on behalf of the Norwegian 
Reception Committee and the Norwegian Metallurgical 
Industry. Sir Andrew McCance replied. Mr. H. Lange, 
in a short address, outlined the history of metallurgical 
industries in Norway and emphasized their close ties 
with the United Kingdom. Mr. H. Christiansen made 
a speech of welcome to the Ladies, to which Lady 
McCance replied. 

Tuesday, 3lst May—at Oslo 

In the morning Members took part in the joint technical 
session with the Norwegian Metallurgical Society in the 
Aula of Oslo University. Ladies visited the Folkesmuseet 
and the Museum of Viking Ships. 

In the afternoon Members visited one of the following : 

A/S Moss Glasverk 

Steinull A/S, Moss 

Christiania Spigerverk 

A/S Strémmens Verksted 

0.B.0.8S. Workmen’s Housing Estate 

Ladies were able to visit either the O.B.0.S. Housing 
Estate or the Frognerpark and National Gallery in 
Oslo. A small number of Members made an all-day visit 
to the Works of A/S Norsk Aluminiumindustri at 
Holmestrand, near Oslo. 


At 5.30 p.m. all Members and Ladies were the guests of 


Sir Laurence and Lady Collier at the British Embassy. 
M/S Venus left Oslo at midnight. 


Wednesday ist June—at Kristiansand 

M/S Venus arrived at Kristiansand at 10.00 a.m. 
Members were able to visit A/S Falconbridge Nikkelverk 
in the morning and A/S Fiskaa Verk in the afternoon 
or vice versa. During the morning the Ladies made a 
tour of the town and surroundings in motor coaches, and 
in the afternoon they took a motor boat excursion m the 
fjord near Kristiansand. 

M/S Venus sailed from Kristiansand at 6.30 P.M. 

In the evening a session for the discussion of technical 
papers was held on board ship. 


Thursday, 2nd June—in the Hardangerfjord 
M/S Venus arrived at Alvik in the Hardangerfjord at 
9.0 a.m. Members visited the works of A/S Bjéelvefossen 
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and returned to the ship. M/S Venus left Alvik at 
10.45 a.M. and arrived at Odda at 2.0 p.m. 

During the afternoon Members visited either the 
works of Odda Smelteverk A/S and Det Norske Zinkkom- 
pani A/S or the A/S Tyssefaldene Power Station and 
the lake at Ringedals-dammen. The Ladies made an 
excursion to Laatefoss Waterfall and Seljested. 

During the day the Norwegian Ladies’ Reception 
Committee presented a souvenir to each Member and 
Lady taking part in the Meeting ; the kindness of this 
gesture was sincerely appreciated. 

M/S Venus left Odda at 7.0 P.m. 

Friday, 3rd June—at Bergen 

M/S Venus arrived at Bergen at 8.0 a.m. Members 
were able to take part in one excursion in the morning 
and one in the afternoon, chosen from the following : 

A/S Bergens Bliktrykkeri 

Sverre Munck Electro-Mechanical 
A/S Sildefiskernes Fabrikklag 
Alvéens Papirfabrik A/S 

Grieg Museum and the Fantoft Stave Church. 

In the evening there was a Banquet and Dance at the 
Restaurant Fléyen, which is reached by a funicular 
railway rising 900 ft. above Bergen. 

Mr. E. Andresen, Chairman of the Bergen Reception 
Committee, was in the Chair at the Banquet and wel- 
comed all Members and Ladies on behalf of Bergen. Sir 
Andrew McCance, in reply, thanked the Bergen Reception 
Committee for the excellent programme that had been 
arranged for the all-too-short stay of one day in Bergen. 
Dancing continued until 1.0 a.m. 

M/S Venus left Bergen at 2.0 a.m. 

Saturday, 4th June—in the Sognefjord 

M/S Venus arrived at Lower Ardal in the Sognefjord 
at 10.30 a.m. Members and Ladies took part in an 
excursion to Upper Ardal. Members visited Ardal Verk 
aluminium plant and power station at Upper Ardal and 
the Ardal Verk electric pig-iron plant at Lower Ardal. 

In the evening a Dinner Dance was held on board, 
at which the Local Reception Committee was present. 
Sunday, 5th June—in the Sognefjord 

At about 11.0 a.m. M/S Venus arrived at Balestrand 
in the Sognefjord. Members and Ladies attended a 
farewell luncheon at Hotel Kvikne, Balholm. Short 
speeches were made by a Member from each country 
represented at the Meeting, expressing appreciation of 
the hospitality provided in Norway. Mr. G. Schjelderup 
expressed the universal regret at the impending con- 
clusion of such a happy meeting, and thanked, on behalf 
of the Norwegian Reception Committee, all those who 
had worked to make the Meeting a success. Sir Andrew 
McCance, in reply, voiced the sincerest thanks of every- 
one to Mr. and Mrs. Schjelderup and all their colleagues 
for the wonderful hospitality and programme and for all 
the personal kindness shown by them ; he said he knew 
that everybody would remember the Norwegian Meeting 
with pleasure and gratitude. 

After the luncheon a short service was conducted by 
Mr. C. 8. Gill (Davy and United Engineering Co., Ltd.) 
in the small English Church at Balholm. The M/S Venus 
left Balestrand at 5.0 P.M. 


Monday, 6th June—the North Sea 

M/S Venus arrived at Bergen in the early morning, and 
farewell was taken of the Norwegian hosts. M/S Venus 
then sailed for Newcastle-on Tyne, arriving in the early 
morning of Tuesday, 7th June. : 

The general impression taken away by all from the 
Meeting was one of overwhelming kindness and _ hospi- 
tality in Norway, as well as magnificent scenery, and 
of gaiety and pleasant living on board ship. 


Industries 
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Discussion on the Paper— 


SOME NOTES ON BRITTLENESS IN MILD STEEL* 


by J. Gorrissen 


Dr. J. Gérrissen (Christiania Spigerverk, Oslo, 
Norway), introduced his paper. 


Mr. W. Barr (Member of Council) (Messrs. Colvilles, 
Ltd.) : Dr. Gérrissen’s very interesting paper, like most 
of the work on this subject, was initiated by failures in 
service. In America, where activity has been most 
intense, spectacular failures occurred in the plating of 
some of their all-welded ships, built during the war. In 
Norway, the failures have occurred in ships’ chains. In 
Britain, though we have not been troubled by similar 
failures due to brittleness in mild steel, we are by no 
means complacent, and investigations of the problem 
have been sponsored by the Admiralty Ship Welding 
Committee and by the British Iron and Steel Research 
Association, in some of which investigations I have taken 
part. 

In the first part of the paper, the author deals with a 
type of brittleness due to an intergranular film of cemen- 
tite which is peculiar to dead-soft steels (unkilled). 
His carefully controlled experiments on several casts 
of steel have established that this dangerous type of 
structure, familiar to all, occurs below the A, point, 
and he has advanced a very attractive theory to account 
for the rapidity of the reaction, based on the solubility of 
carbon in the outer layers of the z-iron crystals. 

There is no doubt about the practical value of the 
results arising out of this phase of the investigations, 
and the author is to be congratulated in drawing atten- 
tion to @ dangerous type of brittleness which may be 
promoted in mild-steel chains annealed in accordance 
with existing specifications, which are metallurgically 
unsound, 

My particular interest in this problem has been con- 
fined mainly to ships’ plates, which in Britain are invari- 
ably made of semi-killed steel ; consequently, we have 
no trouble from intergranular brittleness due to cementite 
films, which is a feature in low-carbon rimming steels. 

The investigations carried out by Mr. Honeyman 
and myself, to which the author makes reference, drew 
attention to the beneficial effect of manganese in promo- 
ting the notch toughness of this type of steel, and it is 
gratifying to find that the author confirms our views. 
The author, however, considers it more correct to specify 
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&@ certain maximum grain size in preference to @ mini- 
mum Mn/C ratio. Whilst admitting that grain size is an 
important factor, as is clearly illustrated in Fig. 40, 
[ contend that, from a practical viewpoint, the Mn,‘ 
ratio is equally important. In our investigations we 
drew attention to the fact that steels with the same 
ferritic grain size may show wide differences in the tran- 
sition temperature. To demonstrate this point more 
forcibly, the four steels of approximately the same tensile 
strength investigated by us, are, in Table A, arranged in 
order of ascending values of Mn/C ratio, and for each 
steel, in order of ascending ferritic grain size estimated 
according to the Jernkontoret chart ; in each case the 
corresponding transition temperature (50% cleavage 
fracture) is also shown : 


Table A 


Heat- Transition 
Mn C Treatment, Grain Size, Temperature, 

Cast No. Ratio Cc. Jernkontoret Cc. 
1229 }-4 N. 860 8-5 0 
N. 900 10-0 20) 
A. S60 10-5 80 
A. 200 11-0 MD 
1230 $-0 N. S60 8-5 20 
N. 900 Y-0 -20 
A. 860 9-5 30 
A. 900 10-5 50 
1278 7-8 N. 900 $-5 35 
; A. 900 10-0 10 
1232 11-9 N. 800 8-5 60 
N. 900 9.0 50 
N. 950 9-5 15 
A. 880 10-0 10 
A. 900 10-5 25 
\. 950 11-0 60 


*s 


It is apparent from the above data, that for a given 
ferritic grain size the transition temperature progressively 
falls with increasing Mn/C ratio. In other words, for a 
straight carbon steel of a given tensile strength in the 





* Journal of The Iron and Steel Institute, 1949, vol. 
162, pp. 16-238. 
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normalized condition, the temperature at which the steel 
becomes notch-brittle may be decreased by as much 
as 60° C. by increasing the Mn/C ratio from 1-4 to 11-9, 
and the superiority of the high-manganese steel in this 
respect is still very evident, even after annealing. It 
follows, therefore, that the Mn/C ratio is an important 
practical factor. Not only does a high Mn/C ratio give 
a lower transition temperature, but it provides, to an 
appreciable extent, for the unavoidable variations in 
mill finishing temperatures which, in turn, give rise to 
differences in ferritic grain size, and it also provides for 
differences in cooling rate after the steel leaves the mill. 
For this reason, we recommended that shipbuilding 
steels should be made to an Mn/C ratio of not less than 
approximately 3. In selecting this limit, compromise 
had to be made with the economics of production. As 
an additional precaution, say, for thicker plates which 
finish at higher temperatures from the mill, and so have 
coarser structures, the refining of the ferritic grain 
size by normalizing may be justified. 

On p. 25, the author’s interpretation of our conclusions 
regarding the comparative effect of manganese and 
aluminium on notch toughness is somewhat misleading. 
We said that ‘“‘a high manganese content may be as 
efficient as grain controlling in lowering the transition 
range and increasing the notched-bar impact value. 
despite the fact that the grain-controlled steel may 
have a finer ferritic grain size ’—all of which goes to 
show that ferritic grain size per se is not the only factor. 
For steels with particularly low transition temperatures, 
advantage should be taken of both manganese and 
aluminium, and it is remarkable how low the transition 
temperature can be depressed by the combined effect of 
these two elements. 


Mr. D. A. Oliver (Member of Council) (Messrs. Win. 
Jessop and Sons, Ltd.): I have had no first-hand 
experience of the steels which have been discussed, but 
as these steels were unkilled, I expect that they contained 
some FeO or MnO in solid solution. In consequence, 
such steels would be rather more ductile than fully 
killed steels. Had the inclusions present been glassy 
stringers, the impact values would be expected to be 
greater, and not less, from the usual explanation of the 
behaviour of wrought iron under impact conditions. 

The author has remarked that it is well known 
that strong deoxidation made steel less susceptible to 
ageing but that it is not known how it affected the 
tendency of the steels to embrittlement after prior 
heat-treatment ; the position is complicated by the 
fact that a large number of deoxidizers can form 
carbides, aluminium for example. Excess aluminium 
is undesirable, even though the aluminium carbide 
tends to decompose above 900°C. The well known 
carbide-forming tendency of titanium has also to be 
considered when discussing the effects of deoxidation. 
The author seems to favour a more highly killed steel, 
but does he take into account the effects of possible 
carbide formation ? 

In regard to the author’s remarks and deductions 
concerning carbon in solution in the alpha lattice being 
concentrated in lattice dislocations along the boundaries, 
this is consistent with Cottrell’s work on the migration 
of carbon atoms in ferrite, giving strong supporting 


evidence of alignment of carbon atoms along lines of 


crystal dislocation. The presence of elements, therefore, 
which reduces the number of really free carbon atoms 
becomes all the more significant. 


Mr. James Mitchell, C.B.E. (Honorary Treasurer) : 


Many years ago, I was interested in a similar problem 
to that which led Dr. Gérrissen to make the present 
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very interesting study. We were concerned with the 

development of brittleness in very low-carbon-steel 

boiler tube. Brittleness of the type under review might 

have arisen from three different causes, or from @ com- 

bination of them : 

1) Grain size 

2) Separation of cementite films round the grains 
(3) Internal stresses of critical amount prior to heat - 

ing below the critical point. 


{ 
\ 
{ 


We concluded that, if the conditions were such as would 
spheroidize the cementite, no trouble would be experien- 
ced from brittleness. 


Dr. T. B. Crow (Birmingham): A fully factual pro- 
nouncement on the effect of ordinary atmospheric con- 
ditions of frost upon these materials in service would be 
most useful. Thismatter needs clarification, to eliminate 
vague and possibly inaccurate statements. The climate 
of certain parts of Norway offers suitable conditions for 
a lengthy. out-of-door extension of Dr. Gdérrissen’s 
valuable work. Many years ago, I remember a building had 
partly collapsed through the failure of a steel girder, 
because, it was said, ‘the frost had got into it.” 
Rolling-mill managers can tell of instances of winter 
failures of steel or of cast-iron rolls in their mills. Also 
it is the practice of manufacturers of cast-iron cylinder 
blocks to * weather’ their products by an all-weather 
direct exposure. I do not know of any change point 
or range in steel or in cast iron, at or near the temper- 
ature at which water becomes solid, which would 
explain any sudden appreciable decrease in strength, or 
increase in brittleness. 

The subject needs investigation under at least three 
sets of conditions : (i) With low temperatures only and 
complete absence of water in any form; (ii) the metal 
partly or wholly submerged in (say) Arctic waters ; 
and (iii) ordinary atmospheric frosty weather, with 
and without protection from direct snow, sleet, and rain. 


Mr. C. G. Conway (Power Jets (Research and Develop- 
ments), Ltd.) : I am pleased to see attention being direc- 
ted to the collection of information on the properties 
of the more common materials of construction, partic- 
ularly at low temperatures. In the construction of plants 
for use at low temperatures, for example, in the lique- 
faction of gases, use of ferritic steels is regarded as un- 
wise, and aluminium and austenitic steels are employed. 
If low-alloy and mild steels could be used in at least some 
portions of the construction, considerable saving would 
result. 

More information, both for low and for high tempera- 
tures, appears to be available on the properties of new 
steels and alloys than on the more common metals 
and alloys which have been in use for many years. 
Any attempt to correct this lack of balance is welcome. 


Dr. C. J. Osborn (Technical University of Norway, 
Trondheim): Dr. Gérrissen has supplied a most impor- 
tant link in the rather obscure correlation between 
microstructure and brittle behaviour. Whilst he has 
demonstrated very clearly the effect of ferritic grain 
size on transition temperature, many factors such as 
increasing cooling rate from the rolling temperature, 
decreasing plate thickness, and increasing alloying 
additions like nickel and manganese, which all lower the 
transition temperature, are also known to affect the 
microstructure by decreasing the pearlite spacing. It 
is possible, therefore, that the transition temperature is 
strongly influenced by the pearlite spacing, and I should 
be interested to know if Dr. Gérrissen has investigated 
this aspect of the problem. 


FEBRUARY, 1950 











ISOTHERMAL 


AUTHOR'S REPLY 

Dr. J. G6érrissen wrote: I should like to express my 
sincere thanks to all those who have taken part in the 
discussion for their interest and their valuable contri- 
butions to the problem. 

Mr. W. Barr has, in Table A, in a most enlightening 
way drawn our attention to the fact that in the material 
investigated by him there is a clear correlation between 
transition temperature and ferritic grain size as well as 
Mn/C ratio. The effect of the grain size is in full agree- 
ment with our results. The beneficial effect of an 
increased Mn/C ratio is, however, not as evident in our 
investigation as in that of Mr. Barr. 

Sir Andrew McCance referred to this divergence, 
giving as a possible explanation the higher carbon 
content of the steels used by Mr. Barr. This is in 
agreement with Dr. Osborn’s remarks on the effect of 
the pearlite spacing. We have not investigated this 
problem as the steels used by us have purposely been 
chosen with a very low carbon content. The tests 
reported in Table A by Mr. Barr show that in steels of 
higher carbon content there is an effect other than the 
grain size alone controlling the transition temperature. 
It may very well be that it is the pearlite spacing which 
is affected by the Mn/C ratio, and further investigation 
along this line may give information of the highest 
importance. 

In reply to the interesting problems discussed by 
Mr. Oliver, we are well aware that many deoxidizers 
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also form carbides, a fact which greatly complicates the 
investigations and the deductions from the results. 
Investigations are now being carried out on steels 
alloyed with titanium and columbium, which we hope 
will give further information about the mechanism of 
carbon precipitation in mild steel. 

Mr. James Mitchell’s remarks on brittleness in boiler 
tubes are not quite clear to me. If the failures occurred 
as a result of impact I fully agree to the different causes 
suggested by Mr. Mitchell. If, on the other hand, the 
failures were of the caustic type, from our experience 
there is no improvement in the use of fine-grained steels 
having a high manganese content. 

The eventual effect of different climatic conditions. 
as stressed by Dr. T. B. Crow, would probably be con- 
nected with the corrosion of the surface, which has a 
strong influence on the endurance limit. The correspond - 
ing effect on impact value would be a stress-raising notch 
effect. The suggestion of determining the effeet of this 
type of notch should be followed up, as it is always a 
potential source of stress raising. 

[ am very glad Mr. C. G. Conway shares our opinion 
that a considerable saving is possible in utilizing low- 
alloy steels instead of high-alloy ones. This has been 
the target we have aimed at all along. 

[ should like to congratulate British metallurgists on 
their persistent work on this important problem, and 
on their success in convincing the classification institu- 
tions of the necessity of revising their specifications. 





Joint Discussion on the Papers— 


EXPERIENCES IN THE STUDY OF ISOTHERMAL TRANSFORMATIONS* 
by T. F. Russell and C. Mavrocordatos 
THE ACCELERATION OF THE RATE OF ISOTHERMAL 
TRANSFORMATION OF AUSTENITE? 
by M. D. Jepson and F. C. Thompson 
and DETERMINATION OF AN ISOTHERMAL TRANSFORMATION 
DIAGRAM WITH AN OPTICAL DILATOMETER? 
by J. K. L. Andersen 


Mr. T. F. Russell and Mr. C. Mavrocordatos (inglish 
Steel Corporation), and Mr. J. K. L. Andersen (Stavanger 
Electro-Staalverk A/S, Jérpeland. Norway), introduced 
their papers. 

Professor F, €. Thompson and Dr. M. D. Jepson were 
not present. 


Mr. D. A. Oliver, (Member of Council) (Messrs. Win. 
Jessop and Sons, Ltd.) opening the discussion on the 
three papers, referred to the general techniques adopted 
in studies of isothermal transformation : Holding and 
equalizing a steel at constant temperature to austenitize, 
and then quenching into, say, a lead bath at constant 
elevated temperature, and holding for a known time. 
He said that Davenport and Bain’s! work had been the 
main inspiration of all subsequent work. Russell had, 
shortly afterwards, beautifully established the value of 
magnetic testing. One point he wished to make was 
that the ideal was surely to work at saturated values of 
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magnetization. Recent investigations had shown that 
carbide transformations influenced the saturation mag- 
netization, apart from retained austenite. The magneti 
method had its limitations, but was valuable. 

In general, the use of microscopical and dilatation 
methods, supplemented by any relevant information 
such as that given by the magnetic method, was the wa, 
that work on the subject was progressing. 

Part II of Mr. Russell’s paper was a valuable dis- 
cussion of some less well known effects of dilatation. 
It would be interesting to know whether quenching 
experiments, followed by microscopical examinations, 
would have been effective for following some of the trans- 
formations. 

Russian work by Steinberg,” and that of Jepson, agreed 





* Journal of The Iron and Steel Institute, 1949. 
vol. 162, pp. 33-43. 

+ Ibid., 1949, vol. 162, pp. 49-56. 

t Ibid., 1949. vol. 162, pp. 29-32. 
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in showing that stress accelerated the reaction, and that 
it appeared to alter the change points. The authors had 
dealt only with the beginning and end of transformation, 
but usually the 100% transformation point was subject to 
much vagueness. The data would have been more reliable 
if a 90% transfomation end-point had been chosen. 


Professor Morris Cohen (Massachusetts Institute of 


Technology, U.S.A.) referring to Mr. Andersen’s paper, 
said : The dilatometer is certainly a useful instrument 
for studying phase transformations in steel ; two impor- 
tant uncertainties in connection with quantitatirc 
applications may be worth mentioning. 

(1) When isothermal transformations occur in the 
bainite range. it is sometimes observed that the 
reaction product is more voluminous than the ferrite— 
carbide aggregates characteristic of annealed or 
pearlitic structures. In such cases, the vertical distance 
between the heating and cooling curves employed by 
the author, Fig. 4, is not a proper criterion of 100°, 
transformation. A good example of this situation is 


shown by Fig. 14 of the paper by Russell and 
Mavrocordatos. 
(2) Under these circumstances, the maximum 


expansion noted in the isothermal rua is commonly 
taken as a criterion of 100°, transformation, and 
proportional changes in length are considered to repre- 
sent corresponding percentages of transformation. 
This practice is subject to two eriticisms: (a) the 
reaction product may not have a constant specific 
volume during the isothermal run (7.e.. it may be subject 
to tempering reactions). and (6) the isothermal 
transformation may stop far short of completion, 
with the maximum expansion corresponding to much 
less than complete transformation.® 

These difficulties can be circumvented by calibrating 
the dilatometric changes with quantitative metallo- 
graphy. Lineal analysis* is usually applicable over the 
range of 10 to 90% transformation, and provides an ab- 
solute basis for converting the dilations into percentages 
of transformation. Furthermore, the microstructural 
form of the reaction product can be studied at the same 
time. 

The acceleration of the bainite transformation just 
below the M, temperature isinteresting. This behaviour 
has already been observed in high-carbon steels,® and 
the present work suggests that the phenomenon may be 
general. Itis undoubtedly attributable to the nucleating 
effect (on the bainite) of the martensite formed during 
cooling to the isothermal reaction temperature. 


Mr. Alf Pettersen (Stavanger Electro-Staalverk A/S, 
Jérpeland, Norway): One of the most interesting features 
about the isothermal transformation of steels is the 
mechanism of that transformation. In this respect, the 
paper by Russell and Mavrocordatos is very suggestive. 

At Stavanger Electro-Staalverk we have for some time 
investigated the same problems with an optical dilato- 
meter. We have, however, obtained results that differ 
somewhat from those of Mr. Russell and his co-worker. 
For instance, we have found that the coefficient of con- 
traction of austenite in the range between the equili- 
brium temperature and the M, temperature is not 
constant. Contrary to the results of Mr. Russell, we 


observed a marked increase in this coefficient as the 
temperature decreased. 
[ consider that Mr. Russell's formula is not very 


suitable for the exact determination of the slope of the 
contraction curve, and I should like to hear his opinion 
on the methods for determining the cooling curves, 
and whether he thinks that the optical dilatometer 
gives results which are not accurate. 


Mr. A. B. Winterbottom (Technical University of 
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Norway, Trondheim): I am _ particularly interested 
in the observation of Jepson and Thompson that applied 
stresses accelerate isothermal transformations in steels. 
The authors’ suggestion that shear is the effective factor 
seems reasonable, and is also consistent with the observed 
differences in the quantitative effects of tensile and com- 
pressive stresses. In a partially transformed steel, 
the volume changes accompanying transformation 
presumably set up a system of internal stresses, in which 
the transformed zones are under compressive stress 
and the untransformed matrix is under tensile stress. 
Stresses might be expected to increase to a maximum 
during transformation, and subsequently to diminish. 
Evidently, superposition of a general tensile stress by 
the application of external loading would increase the 
tensile stress in the matrix, and also the equivalent 
shear stress. On the other hand, superposition of a 
general compressive stress would at first lead to a dimin- 
ished tensile stress in the partially transformed matrix, 
and, when sufficiently large, to a compressive stress 
lower than the applied one, and consequently to a lower 
shear stress than the equivalent of the applied compress- 
ive stress. 

Professor Morris Cohen has emphasized the importance 
of correlating dilatometric and microscopic observations 
in studies of transformations, since anomalous dilatation 
transformation curves are encountered. An explana- 
tion of the origin of these anomalies might be found in 
the varying relaxation behaviour of austenites of various 
types. 


AUTHORS’ REPLIES 


Mr. T. F. Russell and Mr. C. Mavrocordatos wrote : 
We agree with Mr. Oliver that in the magnetic test it 
would be better to work at saturation values of magne- 
tization, but it must be remembered that when the 
method was devised the chief concern was a ready 
method of following the change from non-magnetic to 
ferromagnetic material, and the results reported are in 
no way vitiated by not using much larger fields. 

As an example of the usefulness of the method and 
as a matter of metallurgical interest, in Fig. A are given 
the results of a test which was made in February, 1949, 
during the preparation of the paper, and was referred 
to when the paper was presented at the Summer Meeting, 
1949. 

In the paper, we expressed the opinion that austenite 
would completely decompose at all temperatures below 
the A, point if held at those temperatures long enough. 
To see to what extent this was true for some temperature 
within the range where the austenite was partially 
decomposed, a test-piece of Ni-Cr-Mo steel, of similar 
composition to that given in the paper, was austenitized 
at 850° C., cooled to 450° C., and held there for about 
1200 hours, with no attention, whilst the progress of the 
change was recorded on the chart. From the smoothed 
eurve shown in Fig. A, it will be seen that after the first 
few hours the progress of the change was very slow 
indeed. On switching off the heating current the 
magnetic induction increased as the temperature of the 
test-piece fell, showing conclusively that the trans- 
formation was not complete, even after holding for 
1200 hours at 450° C. 

We assure Mr. Oliver that all interpretations of mag- 
netic curves or dilatation curves given in the paper have 
been confirmed by microscopic examination of quenched 
specimens. Indeed, we consider that microscopic 
examination of transformed, or partially transformed, 
austenite is indispensable in work of this kind. 

In reply to Mr. Pettersen, we would point out that 
our work was not primarily intended to determine the 
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Fig. A—Isothermal transformation of an Ni-Cr-Mo 
steel at 450° C. (February, 1949) 


coefticient of contraction of the austenites, but to obtain 
a datum line from which a quantitative assessment could 
be made of the well-established fact that steel, trans- 
formed in the intermediate range, has a higher specific 
volume than it has in the annealed condition at the same 
temperature. Our contraction of the austenite line in 
Fig. 14 is the result of dial readings at the austenitizing 
temperatures and at the bath temperatures in 18 
experiments, the temperature ranges varying from 700° 
to 260° C. As stated in the paper, a statistical examina- 
tion of the results failed to show any tendency towards 
curvature of the best line through all the points. Never- 
theless, we do not claim that our work finally answers 
the question of whether there is a slight curvature on 
the contraction line. 

Mr. Pettersen deduces from the trace obtained with 
an optical dilatometer that there is @ marked increase 
in the coefficient of contraction of austenite as the 
temperature decreases, and asks if we think the dilato- 
meter gives results which are not accurate. We would 


not like to make any estimation of the coefficient of 


contraction of austenite obtained with an optical dilato- 
meter which gives heating and cooling curves of the 
form shown in Andersen's Fig. 4, for several reasons. 
Firstly. the heating curve shown in Fig. 4 is almost 
linear but. if there is any departure from linearity, the 
tendency is to bend downwards. This type of curve is 
not representative of any pearlitic steel we have exam- 
ined ; such heating curves all bend upwards as in our 
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Fig. 14. This upward bend is confirmed by results 
published by the National Physical Laboratory.® 
Secondly, casual examination of the cooling curve in 
Fig. 4 indicates that the average coefficient of contraction 
of austenite over the approximate range 850-650° C., 
is less than 0-7 of the coefficient of the range 600- 
300° C., and we believe this difference is too large to be 
true. Thirdly, there is ample direct proof that the 
specific volume of any steel which has transformed in 
the martensite range has a higher specific volume than 
in the fully tempered condition. This cooling curve 
should therefore have finished at a point above the 
expansion curve. 

We feel convinced that the more the inertia effects 
on any dilatometer used in quenching experiments are 
reduced, the more nearly will the contraction curve of 
austenite be found to approach linearity. 

Dr. M. D. Jepson wrote: Mr. Oliver’s comment on 
the greater accuracy obtainable by the use of 90°, end- 
point must be admitted. For the order of accuracy 
required in the work under discussion, however, the 
100% (approximate) end-point is sufficient. 

The internal stress system suggested by Mr. Winter- 
bottom is most interesting, and agrees very well with 
the observed results, and with other known facts regard- 
ing the volume changes during austenite decomposition. 

Mr. J. K. L. Andersen wrote: I am fully aware of 
the uncertainties of the dilatometric method, and have 
mentioned some of them in my paper. For the steel 
examined, it was found difficult to check the trans- 
formation microscopically, perhaps because of the lack 
of experience in this technique. However, the paper 
was intended primarily to show the use of a method of 
indicating the transformation continuously by means of 
an optical dilatometer. 
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Joint Discussion on the Papers-— 


THE MANUFACTURE OF ELECTRIC STEEL IN GREAT BRITAIN* 
by the Electric Process Sub-Committee 


and 


THE SODERBERG ELECTRODE SYSTEM} 


by H. Christiansen, jun., and B. Ydstie 


Mr. G. A. Wood (English Steel Corporation, Ltd.), 
introduced the Sub-Committee’s paper. 


Mr. H. Christiansen, jun. (Elektrokemisk A/S, Oslo, 
Norway), introduced his paper, with slides. 
Professor R. Durrer (Gesellschaft der Ludwig von 
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Roll’schen Eisenwerke, A.G., Switzerland) : This Special 
Summer Meeting, with the excursions, papers and 





* Journal of The Tron and Steel Institute, 1949, vol. 162. 
pp. 57-78. 
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discussions, will provide not only a good survey on the 
present position of electrometallurgy in general, and 
electric smelting of iron ores in particular, but also a 
good basis for the future. 

Electric smelting has several advantages in comparison 
with the classical methods, but, at least during the next 
few years, there will be far too little electric energy for a 
relatively large part of the world’s pig iron production 
in electric furnaces. Nevertheless, there are districts in 
the world where the conditions for electric smelting are 
more favourable than for blast-furnace working, being 
rich in white coal and poor in black coal ; in this respect 
Norway is especially favoured. The price for 1 kWh. 
in electrometallurgy is approximately one Gre, and 
sometimes less ; that is not only a relatively low price 
but also an absolutely low price compared with that of 
metallurgical coke, (the economical equivalent is 6: 1, 
e.g., the price of 6 kWh. is equal to that of 1 kg. of 
coke). In addition to this economical advantage, there 
are several metallurgical advantages in electric smelting, 
so that this method is of the greatest interest to all 
countries which possess sufficient hydro-electric energy 
besides the other prerequisites for the production of 
iron. 

Perhaps the most important reason for replacing the 
classical methods by electric smelting is the fact that 
working with hydro-electric energy is no loss to mankind, 
because it is always regenerated, whereas burnt coal and 
oil are lost for ever. 

The erection of the electric smelting plant at Mo i Rana 
will be of the greatest interest for the electrometallurgical 
world, and we wish it all success. 

The very interesting papers on electric steelmaking 
are an important contribution to this meeting. I will 
refer only to the problem of using concentrated oxygen 
in the electric steel furnace. Recent tests show that 
oxygen might be of great advantage in the electric. steel 
furnace, and that blowing with oxygen and refining 
with electric energy could be combined in the same 
furnace. 


Mr. D. F. Campbell (Member of Council) (Electric 
Furnace Co., Ltd., Weybridge, Surrey): It may be of 
interest to give some additional information about the 
process of electric steelmaking, which was very briefly 
described in the paper by the Electric Process Sub- 
Committee as a special arrangement of plant, providing 
a low-powered furnace to hold liquid steel previously 
melted in a small high-powered furnace. 

This method, which may be described as a cascade 
duplex process, was first developed at Dagenham,* 
and subsequently several similar installations were made 
in Detroit. During the war there was a great demand for 
small repetition castings in manganese (11 to 14% of 
Mn) or carbon steel. Eight foundries were equipped with 
cascade duplex electric melting units, and one with 
cupola-Bessemer-electric furnaces. 

The essential point was that a swing-roof furnace, 
with a melting capacity of 4 tons, mounted on a plat- 
form, was provided with transformers varying from 
5000 to 7000 kVA., which melted a charge in approxi- 
mately 50 min. This was poured into a nose-tilting 
furnace, built on foundry floor-level, by a launder 
articulated to both furnaces, so that the charge could 
be transferred, whether the holding furnace was hori- 
zontal or tilted. In this way, no time or heat was lost, 
and the cost of a ladle waseliminated. Ferro-manganese 
was added in the melting furnace, but all foundry 
scrap was remelted daily in the holding furnace, which 
held a bath varying from 8 to 4 tons. Transformers of 
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1200 to 1800 kVA. were provided, which gave sufficient 
heat to maintain and control the casting temperature 
and to remelt the foundry scrap, which was added in 
small quantities more or less continuously. 

The foundries were highly mechanized, the funda- 
mental design being based on bringing every moulding 
box to within 10 or 15 ft. of the furnace spout, and 
transferring the metal in small ladles on a light loop 
runway from the furnace. These foundries were an 
outstanding success for the production of repetition 
castings, and the melting equipment proved excellent, 
both for manganese and carbon steel. 

The paper summarizes ancient and modern electric 
steelmaking equipment in Great Britain, but the problem 
of the future is to determine the limitations of electric 
steelmaking. 

In Britain, steelmakers have used electric furnaces 
when quality has been the ruling factor, but in Scandina- 
via, Italy, and a few other countries, common steels 
are being made thus, and the cost of production becomes 
the prime consideration. In these cases, we find the 
Séderberg self-baking electrode in general use, and 
there is little doubt that this and other economies 
resulting from improved equipment, such as 60-ton 
furnaces with modern regulators, oxygen, and induction 
stirrers to accelerate chemical reactions, may widen the 
use of electric furnaces, even in countries where the price 
of electricity is comparatively high. With these improve- 
ments, a reduction of 40° in the items of labour and 
electrode costs should be attainable, as compared with 
the practice described in the paper, and the capital 
cost per unit of the output would be less than that of 
a complete open-hearth furnace installation. 

Visitors to Norway will have been impressed by the 
extensive use of the Sdderberg electrode, which has 
done so much for the ferro-alloy, carbide, and aluminium 
industries. It is interesting to note that the self-baking 
electrode in its simplest form was first used on a 6-ton 
Heroult steel furnace of British origin, installed in 
1920 at Stavanger, and that it was developed and per- 
fected in the Fiskaa works at Kristiansand. If cost of 
production becomes of paramount importance in British 
steelworks by the extended demand for electric steel, 
the use of the Séderberg electrode will become one of the 
necessary economies. 

The authors have described in some detail the use of 
high-frequency furnaces in Great Britain. It is note- 
worthy that in Scandinavia the scope of use is cohsider- 
ably wider, due partly to the low cost of power, and 
partly to the difference between Britain and Scandinavia 
in regard to the value and availability of remelting 
materials, such as various qualities of ‘ first melt ’ and 
merchant scrap, sponge iron, and so on. 

High-frequency furnaces of 5 tons capacity are widely 
used for remelting iron borings, and for the production of 
a variety of iron and steel castings. The general prac- 
tice and design of these furnaces are, however, similar to 
those in Great Britain, from where the earlier furnaces 
were supplied. 


Mr. W. C. F. Poensgen (Christiania 
Oslo, Norway): The Electric Process Sub-Cominittee’s 
Report gives an excellent review of electric furnace 
employment in Great Britain. The high costs of elec- 
tricity and of electrodes are emphasized ; the importance 
of these expenses, representing a very great part of the 
arc electric steelmaking costs, is felt also in Norway, daily. 

The extra cost and complication of on-load tap- 
change gear is not considered worth while, but this type 
is advantageous for furnaces with large transformers, 
where light scrap must be charged in small portions. If, 
for instance, four chargings are necessary, and the 
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voltage has to be altered at least once after each 
charging, not less than five minutes is lost on a full 
charge. <A furnace might render 1250 heats per 
annum, and thus the total time lost would be 5 x 1250 
min. ; which is approximately 100 production hours per 
annum. 

English and American steelworks have taken no 
interest in Séderberg electrodes for their electric steel 
furnaces, whereas many Scandinavian steelworks are 
using them to great advantage. The consumption of 
Séderberg electrodes amounts to approximately 12 kg. 
per ton of ingots, including breakage, whereas the 
consumption of graphite electrodes would be approxi- 
mately 6 kg. per ton. The price of graphite electrodes 
in Norway is approximately five times as high as that of 
Séderberg electrodes; in England the difference is 
not quite so great. Many hundred thousands of kroner 
can be saved in a year in a steelworks such as ours. 
Séderberg electrodes cause more delays due to breakage 
than do graphite ones, but, even allowing for this, great 
savings in production costs are made by their use. 

Séderberg electrodes have the disadvantage of pro- 
ducing more soot and smoke from the furnaces, and 
also more flames around the electrodes, which cannot 
be so thoroughly insulated as can graphite electrodes. 
Hoods for dust removal are recommended. On the other 
hand, a longer life of the lining might be expected, 
because of the smoky atmosphere. 

We are using an electric load of 30 amp./sq. in. on the 
electrodes of furnaces Nos. | and 2, and of 45 to 55 
amp./sq. in. on furnace No. 3. 

The following figures give the average life of linings of 
our 25-ton are furnaces : 

Approx. No. of Heats 


Furnace Part Type of Lining 


Bottom Basic (2 yr. average life) 2300 

Walls Rammed tar-dolomite 150 

Walls before Better quality dolomite 200 
the war and tar 

Walls Chrome-magnesite bricks 230 

Roofs Silica 100 


Mr. F. N. Lloyd (Messrs. F. H. Lloyd and Co., Ltd.) : 
The Committee has, perhaps, taken rather too pessimis- 
tic a view of the scope for an extension of the application 
of the electric arc furnace to steelmaking in Great 
Britain. The figures in the report indicate that there 
are very wide variations, indeed, between the worst 
and the best practices, and surely this is evidence of the 
possibility of an improvement in the standard of electric- 
melting practice, which would make a difference to the 
economic status of electric steelmaking in Great Britain 

On the long view, electric power is likely to become 
less costly in relation to other media for the melting of 
steel, because its production depends on capital develop- 
ment, rather than on human effort. It seems a fairly 
safe prediction that there will be continuous progress in 
the means of producing electric power, and also that 
human effort will, at the same time, become progressively 
more costly, with the continuing demand for a higher 
standard of living in all sections of the community. 

In regard to the advantages of rammed dolomite 
linings in comparison with brick linings in basic-lined 
electric furnaces, there is an advantage in the maximum 
capacity, as well as in the normal operating capacity of 
the furnace, because of the different shape of bath obtain- 
able when both the furnace bottom and the sidewalls are 
rammed round a former, in that the furnace bottom can 
be blended into the sidewalls in a continuous curve. 
It was originally found that the sidewalls of the furnace, 
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when rammed in dry dolomite, could not be made to 
last as long as brick linings. The standard of sidewall 
life has since been raised to that obtainable with brick 
linings under comparable conditions, by an addition of 
creosote to the dolomite after it has been milled to its 
ramming consistency. The dolomite so prepared can be 
rammed into the furnace with pneumatic rammers, 
whereas dry dolomite has to be rammed by unassisted 
manual effort. 

Another improvement in furnace lining technique, 
which has eliminated the tendency of the furnace 
lining to fail prematurely, is ramming up of the arch 
over the charging door in a separate former, and then 
placing the rammed arch into position and ramming 
the rest of the lining material around it. 

Mr. R. A. Hacking (Member of Council) (Messrs. 
Richard Thomas and Baldwins Ltd.): The [Electric 
Process Sub-Committee’s Report mentions the modern 
tendency to use basic bricks instead of silica for door 
arches. Recent experience on two all-basic open-hearth 
furnaces shows that chrome-magnesite bricks presently 
available in the U.K. are extremely sensitive to mechani- 
cal damage at high temperatures, and a mere touch from 
an ingoing pan of scrap has on several occasions brought 
down a door arch. Use of an archless front wall and door 
construction for future all-basic builds is under review. 
The same experience also suggests that some degree of 
suspension of the main roof, on the lines of, say, the 
Radex or Dynamidon systems used by the Germans, is 
necessary to enable chrome-magnesite to achieve the roof 
life necessary to justify its much higher cost as com- 
pared with silica. From the standpoints of output and 
metallurgical advantages accruing at higher working 
temperatures there is no doubt whatever as to the 
merits of all-basic construction. 

In connection with the use of oxygen in electrie arc 
steelmaking, it appears that injection by lance into the 
bath is a promising field of application, particularly 
for qualities where very low carbon contents are necessary. 

Relative prices of basic iron and scrap in the U.K. 
during the past decade have militated against adoption 
of duplex processes which involve the acid or basic 
Bessemer converter. In spite of recent slight amelioration 
of this position, there still remain the disadvantages 
of additive conversion costs and iron losses, and a loss 
of overall output from two processes coupled in series, 
as compared with their performance when working 
separately. There does not seem to be a future for this 
type of duplex process in this country, so long as present 
economic conditions obtain. This question, however, 
is dealt with in detail in the Report on the Bessemer 


Process.* 


AUTHOR’S REPLY 
Dr. A. H. Leckie (The British Iron and Steel Research 


Association), on behalf of the Electric Process Sub- 
Committee, wrote : Professor Durrer in his remarks used 
as an example electric pig iron smelting rather than the 
manufacture of steel, but his remarks are applicable to 
steelmaking in so far as the cost of electric power is one 
of the main factors governing the use of electricity or 
other sources of energy for steel manufacture. There 
is no doubt that the reason for the almost exclusive 
use of electric power for steel manufacture in Norway 
is that country’s large resources of cheap hydro-electric 
energy. 

Professor Durrer, Mr. Campbell, and Mr. Hacking 
have mentioned the use of oxygen in arc-furnace practice, 





*The Tron and Steel Institute. 1949, Special Report 
No. 42. 
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and this was briefly outlined in the Committee’s paper. 
Since that was written, many more experiments have 
been carried out in several works, and the use of oxygen 
is almost a routine procedure ; principally for the manu- 
facture of chrome steels from high chrome scrap. 

Mr. Campbell and Mr. Poensgen comment on the 
economies to be gained from the use of Sdéderberg 
electrodes. The Committee has been very impressed by 
reports received from its members who have visited 
Scandinavia, and it is hoped to carry out at least one 
trial of these electrodes shortly. Mr. Poensgen also 
produced a strong argument in favour of on-load tap- 
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change gear, but the loss of time he refers to may not 
be quite so serious in the case of high-priced steels such 
as are generally the product of the electric process in 
Great Britain. The disadvantages are that the trans- 
former is more complicated and expensive, and the tap- 
switch must be carefully maintained if trouble is to be 
avoided. For these reasons‘ British makers prefer the 
simpler and, in their opinion, more reliable off-load type 
of construction. 

The Committee has been encouraged by the interest 
the paper has aroused and wishes to express its thanks 
to those who have contributed to the discussion. 





Discussion on the Paper— 


FEATURES FROM THE PLANNING OF AN ELECTRIC SMELTING PLANT 
FOR PIG IRON AT MO i RANA* 


by B. M. Miiller 


Mr. B. M. Miiller (A/S Norsk Jernverk), introduced 
his paper. 


Mr. R. Mather (Member of Council) (Skinningrove 
Tron Co., Ltd.) : Having inspected, in 1910, the first 
electric pig-iron furnace in the world, at Trollhattan, the 
present proposal to establish a fairly large steelworks, for 
products mainly of ordinary quality, based almost 
entirely on electric pig iron, is of special interest. 

This is the first scheme of this type to be brought 
into existence. 
great importance to Norway, and also to those other 
countries which can develop water power very cheaply 
and have large supplies of good and cheaply worked 
iron ore, but no coking coal. The development will 
therefore be watched with great interest. 

The author has given a clear and valuable account of 
many of the technical problems encountered, particularly 
the electrical problems connected with the development 
of the large ironmaking furnaces. He appears to have 
reached satisfactory solutions, and he is to be congratu- 
lated on the technical achievement of having evolved a 
scheme which can be expected to produce the planned 
quantities of both iron and steel from the plant described. 

Whether the Mo i Rana plant will be commercially 
successful by ordinary standards is, however, a different 
matter. The Norwegian authorities—and those concerned 
with some schemes in other countries also—should 
ask themselves whether the 1949 level of prices of com- 
peting products from, say, Western European countries 
is likely to be maintained. Possibly, before the 
Mo i Rana furnaces can be brought into operation, the 
price of good blast-furnace coke in Western Europe 
may again be more favourable than even the unusually 
low price of electric power in Norway. The scheme 
will be further handicapped by the high capital and 
operating costs of rolling mills to convert even 500,000 
tons of ingots into the varied products required by the 
Norwegian market. 

Finally, caution is necessary in regard to elaborate 
methods of ore treatment. This, and many other 
schemes, provide for heavy capital and operating ex- 
penditure for breaking down the ore to small particles 
and concentrating it, followed by further expenditure 
in re-aggregating the small particles to sizes large enough 
to be suitable for the smelting furnace. Yet the ordinary 
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If it succeeds, it will obviously be of 


blast-furnace is one of the most efticient industrial tools 
in existence, and can, within a fairly wide range, economi- 
cally dispose of impurities. Even a moderate reduction 
from the present high prices of coke may greatly affect 
the apparent economies of complicated forms of ore 
treatment. 

AUTHOR’S REPLY 

Mr. B. Miller wrote in reply : I appreciate the interest 
taken by Mr. Mather in the greater economy of electric 
pig-iron production in Norway as compared with blast- 
furnace operation in the countries where coking coal is 
available, but this was not strictly the subject of my 
paper. When the economies of rolling mills as connected 
with Norwegian market conditions is drawn into the 
discussion, I fear that the subject is so completely 
outside the scope of my paper that discussion would 
require a further paper on a completely new subject. 

I would point out that the Mo i Rana scheme has not 
suddenly arisen out of the opportunity created by the 
high level of prices in 1949. Mr. Mather may be assured 
that the Norwegian authorities have frequently con- 
sidered the influence of prices and market fluctuations 
on the project since it was originated in 1936, although 
I do not understand why such fluctuations should 
involve more complications in Norway than in any other 
country that is investing in new steelplants. 

Recent estimates, based on present prices and wages 
in the open market, and including full depreciation and 
interest for the prime cost of the plant, show that the 
production cost of pig iron from the fully developed 
Mo i Rana plant should not exceed £6 per ton. In the 
first stage, when electric power will be more expensive, 
because of the difference between consumed and available 
water power, and when ores will have to be freighted 
from other Norwegian mines until the full development 
of the local Rana iron ore deposits, the estimated 
production cost is less than £7 ds. per ton. 

A decrease in the price of blast-furnace coke will 
directly affect the prices of gas coke, coke breeze, and 
Séderberg electrodes, and will indirectly affect the prices 





* This paper was published in the special English 
edition of Tidsskrift for Kjemi, Bergvesen og Metallurgi, 
1949, vol. 9, No. 5. May, pp. 74-79. 
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of most commodities required for pig-iron production. 
Admittedly, it will not affect to a great extent the price 
of electric power, but it must be remembered that once 
developed, the price of hydro-electric power is mainly 
a question of the rate of interest and amortization 
charged in the accounts, and the price tariffs can be 
arranged to follow the general trend of, say, the price 
of coal. The cost of electric power delivered at the site 
for the Mo i Rana plant will be about 0-071 of a penny 
per kWh. According to figures given by Dr. Durrer, 
the price of 1 kWh. should not exceed the price of } kg. 
of coke to justify electric smelting as compared with 
blast-furnace operation. The power cost given above 
corresponds with a coke price of £1 16s. per ton, which 
is the coke price required for an economic balance 
between the two methods based on the power cost we 
shall have to pay. And there is still the advantage 
that, once installed, the cost of power will gradually 
decrease during the next 100 years or so, whereas the 
price of coal will probably follow wages in an upward 
trend. The production cost for pig iron at Mo i Rana 
can therefore be expected to respond to falling market 
prices as effectively as that for blast-furnace metal in 
other countries. 

Another economic feature is that from the point of 
view of heat economy, the pig-iron-producing units may 
be considered as gas generators, where the oxygen of 
the air is replaced by the oxygen of the ore. An electric 
smelting furnace will, for lack of nitrogen, generate from 
second-rate coke and coke breeze a valuable gas with 
three times the calorific value of blast-furnace gas, and 
in sufficient quantities to cover all those heating require - 
ments throughout an integrated steelworks that cannot 
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more advantageously be covered by electricity. On the 
other hand, the blast-furnace will, from this point of 
view, convert a high-class coke to a poor gas. 

Though believing strongly in the merits of electric 
pig-iron production in Norway and in other countries 
with similar conditions, I agree with Mr. Mather that 
there is no question of the electric smelting process 
competing with normal blast-furnace practice in the 
coal-producing countries, simply because cheap hydro- 
electric power is so scarce and localized that it will never 
be able to cover more than a very modest part of the 
total iron and steel production. 

The necessity of having to crush, concentrate, and 
agglomerate raw ores will, no doubt, appreciably increase 
costs. At the same time, it will to some extent increase 
production and decrease the cost of smelting. Some 
Swedish steel companies, utilizing lump ores of about 
55% of iron, have found it economically advantageous 
to crush, concentrate to about 65% of iron, and 
agglomerate the concentrates before smelting, rather 
than utilize the raw ores. There is not now sufficient 
rich ore in the world to go round, which necessitates, 
even if it be not so economical, the use on a gradually 
larger scale, of the various deposits of low-grade ores 
for concentration. ‘The endeavours of the Americans 
with the Taconite ore deposits and of the British with 
those of Sierra Leone will be well known. Another 
point is that the smelting of beneficiated ores will 
give much purer iron than can be obtained from the 
usual lump ores, and therefore «a higher quality of steel, 
which will meet the increasing demand for quality in 
connection with the rolling of flat products. 


THE PROPERTIES OF OLIVINE AND ITS USES FOR REFRACTORIES 
AND MOULDING SANDS* 


by K. J. 


Mr. A. Kvalheim (Head of the Government Labora- 
tory for the Investigation of Raw Materials, Oslo, 
Norway), presented the paper. 

Mr. B. Gray (English Steel Corporation, Ltd.) : The 
author has given a most interesting paper on the 
behaviour, merits, and limitations of olivine. I have 
one question to ask. Why can olivine be used as a mould 
paint presumably on any moulding material, when it is, 
said to deteriorate so severely when contaminated ? 

Olivine has aroused much interest in Great Britain 
because the dust from it is not toxic, and fairly extensive 
trials in at least one foundry, using it as a moulding 
sand, were reported to have given promising results. 
On this tour, also, we have seen quite heavy and difti- 
cult steel castings, with excellent skins, made from it, 
showing that it is beyond the experimental stage in its 
development as a practical moulding material. It is, 
however, likely to prove superior to silica and other 
sands, only in so far as it is not toxic. For the latter 
reason alone, many foundries in Great Britain would 
like to give olivine a full production trial, were it not 
that the only selling price that has been mentioned— 
though not, I believe, officially—would prohibit its 
use. The point may be out of place here, but it must 
be made in the interests of those who might by the use 
of olivine be freed from any risk of that terrible disease 
silicosis. A clear statement of the probable cost f.o.b., 
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when the process of quarrying and preparation is full) 
established, is essential, if further progress in its use is to 
be made in Great Britain. 


Mr. Alf Ihlen (A/S Str6mmens Verksted, Norway) : 
My firm is probably the largest consumer of olivine for 
foundry work. We have entirely replaced the use of 
silica sand by olivine. Nevertheless, for steel castings, 
olivine is more apt to burn on to the casting, thus inereas- 
ing the cost of cleaning. High-grade silica sand, proper! 
used, often forms a crust that will leave the casting fairly 
clean, and give it the typical bluish colour. We are 
trying to make the olivine form such a crust and prevent 
it from burning on to the casting. 

For cast iron, olivine does not give such a good surface 
as ordinary sand. Troubles from surface defects, such as 
so-called ‘ rat-tails,’ occur. 

For special castings, such as manganese steel and some 
stainless steel castings, olivine produces castings with 
better surfaces. We hope that methods will be developed 
by which olivine will produce castings of equal quality 
to that produced by other high-grade sands, but that 
has not yet been accomplished. 

The specific gravity of olivine is about 25% higher 
than that of silica sand. With mechanical handling of 





* Journal of The Iron and Steel Institute, 1949, vol. 162. 
pp. 44-48. 
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moulds this is not a very great drawback, but with 
manual handling the extra weight is a disadvantage. 


The greatest obstacle, however, is the high cost of 
olivine which is approximately 150% above that of 


silica sand. The present cost of olivine in our foundry, 
near Oslo, is approximately 65s. per ton. For the same 
size mould, 25% more by weight is needed, and this has 
also to be allowed for. 

It might be wondered why we use olivine under these 
circumstances. The reason is to prevent silicosis. For 
although we are convinced that we have overcome 
this disease by other means, with the present shortage 
of labour, the publicity given to the hazards of this 
disease reduces the chances of recruiting new and 
younger workers. _If the use of olivine overcomes this, 
the extra cost may be justified. 

For olivine to be more extensively used (1) the price 
must be considerably reduced, and (2) methods of impro- 
ving the surface of the castings made with it must be 
found. 


Mr. F. N. Lloyd (Messrs. F. H. Lloyd and Co., Ltd.) : 
By arrangement with the Norwegian Government, 
my company made production trials on the manufac- 
ture of steel castings in olivine, the heaviest casting 
made weighing approximately 10 tons. Olivine stripped 
from the casting as readily as did silica, but tended to 
resist the action of blasting, owing to a tendency for the 
olivine adhering to the sand to glaze, For good stripping 
on heavier castings, it was found desirable to close up 
the olivine with about 15% of olivine fines, to stop metal 
penetration. The moulding mixtures used were bonded 
with Wyoming bentonite and cereal binder, in approxi- 
mately the same proportions as are used for silica sands. 
Results obtained confirm the advantage of olivine in 
resisting scabbing, because it has not the same tendency 
as silica to expand when heated. : 

There appear to be almost insuperable difficulties in 
the complete substitution of silica sands by olivine 
throughout the industry: silica sand is available to 
most foundries at approximately 20s. per ton, delivered ; 
the corresponding price for olivine is approximately ten 
times as much. Since, in most foundries, at least 1 ton 
of moulding material is consumed for every ton of castings 
produced, the implications of this can be realized. 

In view of the advantages of olivine in lessening the 
risk of industrial diseases, it is hoped that a way may be 
found of making this material available to foundries 
in @ condition and at a price which will make its use prac- 
ticable. 


Mr. A. Robinson (Appleby-Frodingham Steel Co.) : ] 
have experience of the use of olivine only in the degraded 
form, serpentine. To preserve the linings, especially 
the pillars between the doors of tilting furnaces of 250 
to 300 tons capacity, used with 75% molten phosphoric 
iron (1% of P), we have found it necessary to plaster 
with basic refractory material after each charge. Before 
the late war we used a mixture of magnesite and chrome 
ore (50/50), both on the magnesite and silica brick, 
with good results, but the serious shortage of these 
materials during the war led to a search for alternatives. 


One of the most successful substitutes was a mixture of 


serpentine, of which we have plentiful supplies, with 20% 
of fine-ground dead-burnt magnesite, sufficient to make 
sure of producing forsterite. We have used many 


thousands of tons of this mixture ; serpentine by itself 


was useless. 

The serpentine rock contains, approximately, 31% 
of silica, 39% of magnesia, 93% of Fe,0;, 44% of 
Cr.O3, 24% of Al,O, and 15% loss. 
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It is ground, wet, in a pan-mil] with fine sea-water 
magnesite, in the ratio of 80% serpentine, 20% mag- 


nesite. The grading of the finished cement is : 
% %o 
on }-in. sieve 4:6 on 72’s sieve 20-0 
on 7’s » 24°0 on 150’s * 9-8 
on 25's > 25:9 through 150’s eee Sy 
two-thirds of the serpentine being in the coarser 


material, and two-thirds of the magnesite in the fines. 

When wetted, this forms a very plastic material which 
sticks to the hot brickwork better than chrome-magnesite 
paste, and resists very well the furnace atmosphere, 
with its fine spray of basic slag. Its analysis is: SiO, 
26-7%, FeO, 7°9%, and MgO 47-1%. Itis an excellent 
material for application to chrome-magnesite linings, 
but is of no use when applied to silica work ; in this 
it differs from chrome-magnesite. 

Although chrome and magnesite are now obtainable, 
this material is being used regularly, at the rate of 50 
tons per week, on our nine tilting furnaces, which pro- 
duce an average of 17,000 tons of ingots per week. 
We prefer it. 

Many attempts to use forsterite bricks as a lining for 
the furnaces, in place of chrome-magnesite bricks, 
have been unsuccessful as they wear away twice as 
fast, although they have been successful in smaller 
furnaces. 


AUTHOR’S REPLY 


Mr. K. J. Stenvik wrote in reply : In regard to Mr. 
Gray’s question, olivine should not be used on silica 
sand moulds for steel castings, as the pouring temperature 
is then above 1500° C., especially when ball-clay or fire- 
clay is added. When casting iron, these difficulties are 
not present. The present production of olivine sand is 
on a pilot plant scale only, and prices would drop 
considerably if consumption reached the order of 100,000 
tons. 

The freights from West Norway to Great Britain are 
at present approximately 35s., which is about 50% of 
the price of the sand as delivered at a British port. The 
cost of olivine in Great Britain might be lowered by 
delivering crude olivine rock to a milling plant near the 
sand consumers. 

The greater resistance of olivine to sand _ blasting, 
referred to by Mr. Lloyd, is caused by the higher pene- 
tration of steel into the mould. The use of 15% of 
fines helps to prevent this, but 20% might give even 
better results. It is important that only new sand 
should be used in contact with the pattern, and that old 
sand should be re-used only for backing. 

The reason why Mr. Ihlen finds that olivine does not 
give the typical bluish colour is that the air flowing 
through the hot parts of the mould oxidizes the FeO of 
the olivine, thus removing oxygen from the air and 
leaving the steel surrounded by an atmosphere low in 
oxygen. Under these conditions a crust is not usually 
formed on the casting. 

IT have not seen ‘rat-tails’ on castings other than 
those made in green sand, and they are probably caused 
by unsatisfactory conditioning of the sand, poor mixing. 
and so on. 

The higher specific gravity of olivine has been found 
not to influence the weight of the moulds very much 
owing to the higher porosity of the olivine. Moulds 
made of olivine weighed no more than the same size 
moulds made, for instance, of Danish sand. 

Mr. Ihlen’s statement that at Str6mmens Verksted 
they have overcome silicosis by means other than the 
use of olivine is of great interest. 
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Proposals for the Modification of a Blast-Furnace 
Top to Give Controlled Burden Distribution 


By E. L. Diamond, M.Sc.(Eng.), M.I.Mech. EF. 


SYNOPSIS 


This paper embodies a practical engineering design for modifying an existing blast-furnace to give control 
of stockline segregation by the method of a moving frustum below the big bell, as proposed by Dr. H. L. 
Saunders. An alternative design, using a fixed frustum, is also presented, which gives nearly as wide a range 
of control by a somewhat simpler method. The degree of control given by each design is examined in the 


Appendix. 


Introduction 


CHEMATIC proposals for the complete control of 
S stockline segregation in a_ blast-furnace have 

been before the Iron Making Division for some 
time, as a result of the laboratory investigations of 
Dr. H. L. Saunders and his colleagues.* In 1947, 
the Plant Engineering Division were asked to co- 
operate in drawing up practical designs for carrying 
out controlled burden distribution on a full-size 
blast-furnace. A joint Sub-Committee was formed by 
the two Divisions, and the two designs outlined in 
this paper have been selected and approved for 
recommendation to the industry for trial on an exist- 
ing modern blast-furnace due for relining. The second 
of the two designs is based on a principle different 
from that suggested by Dr. Saunders. It is somewhat 
simpler, and might present fewer maintenance prob- 
lems (though this can only be determined by practical 
trial), but it gives a slightly less complete range of 
control. This design is considered at greater length, 
as it embodies a new principle of operation not 
previously described. 

The designs are practical in the sense that they 
have been developed to the point of showing how the 
essential parts would be constructed and would 
operate, and how they would fit into the main structure 
of an existing blast-furnace top. There is much detail 
work to be completed before the practicability or 
cost, in any given case, of either scheme can finally 
be assessed ; it would not have been profitable to 





* These proposals are covered by British Patent 
No. 564,994, originally applied for on 8th May, 1942, 
and accepted on 23rd October, 1944. 
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proceed to greater detail, even had it been possible, 
until a particular blast-furnace could be envisaged. 
With regard to the second, or fixed frustum design, 
alternative suggestions for operating the dropping 
bell are put forward, either of which would require 
detailed examination by specialists in the design of 
hydraulic shock absorbers, or steam-operating cylin- 
ders. The essential forces and energies to be dealt 
with have, however, been worked out in sufficient 
detail to be reasonably certain that the problems 
involved would be well within the capacity of modern 
practice in such devices. 

In addition to preparing the drawings reproduced 
in this paper, a scale model of the essential structure 
of a typical modern blast-furnace top of the McKee 
type was built, to which working parts reproducing 
either scheme could be added. [Illustrations of the 
model in its two forms are included. It proved of 
great value in revealing certain features of the 
behaviour of the burden during the course of its 
discharge, which must be considered in fixing the 
dimensions of the various parts and their movements. 


THE MOVING FRUSTUM DESIGN 


This design is a realization of Dr. Saunders’ pro- 
posals. It is based on a scheme suggested by Mr. 





Paper No. PE/DA/61/48, of the Blast-Furnace Plant 
Sub-Committee of the Plant Engineering Division of the 
Research Association, received 30th June, 1949. The 
views expressed are the author’s and are not necessarily 
endorsed by the Sub-Committee as a whole. 

Mr. Diamond was Head of the Mechanical Section of 
the Plant. Engineering Division, B.1.S.R.A., and is now 
Assistant Technical Director of the British Standards 
Institution. 
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Inverted VY contour not 

extending to-centre 

Arthur Bridge, and worked out in greater detail in 
the drawing office of Messrs Stewarts and Lloyds, 
Ltd., Corby, whose drawing is reproduced as Fig. 1. 
Figure 2 is a diagram of the method of operation, 
showing the various cycles of events and the distri- 
bution obtained with each, and should be referred 
to in conjunction with Fig. 1. The novel features are 
the division of the main hopper into an inner and 
outer part, and the provision of a moving skirt 
or frustum which can close or open the outer part by 
being lifted above, or lowered below, its mouth. 

The restrictions imposed by fitting this design into 
an existing blast-furnace result in a somewhat 
unsatisfactory arrangement of the hoppers. The inner 
part is very limited in capacity; it might be made 
slightly larger than is shown in the drawing, but 
it cannot have a much greater capacity than the 
smaller hopper, which involves opening the big bell 
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Lipped V contour 


for every skip load. The outer part, if obstruction of 
the gas offtakes is to be avoided, cannot be given 
as wide a space around the base of the moving frustum 
in positions la and 5a (Fig. 2) as is desirable to give 
the full inward impetus to the falling burden in 
operation 1, and to avoid jamming when lifting the 
moving frustum against the weight of the burden 
These difficulties could be avoided if a furnace were 
specially designed for this system of distribution 

It is possible that operations 1 and 5 (Fig. 
might, in certain circumstances, prove difficult or 
impossible, because they might involve shearing large 
pieces of ore partially trapped in the clearance 
space between the moving frustum and the large 
hopper. These operations, however, may be omitted 
or performed in an alternative manner (see Appendix). 

For successful operation a considerable degree of 
accuracy must be maintained in the adjustment 
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Fig. 4—Mechanism for moving frustum Fig. 5—Internal hoppers and moving frustum of mode? 
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Fig. 8—Operatior of the fixed frustum arrangement 


and suspension of the three rods holding the moving 
frustum. If the clearance round the lower edge of 
the moving frustum is too great, some leakage 
will occur in positions la and 5a, and at the same time 
excessive latitude at this point would necessitate 
equally large clearances between the upper edge 
and the big bell. The required accuracy of adjust- 
ment must be maintained on rods moving into the 
gas space of the furnace. If this requirement can be 
met without excessive maintenance, and operation 
1 is avoided, the arrangement should present no 
difficulty in practice, other than the complication of 
the control gear, and the extra wear and tear caused 
by opening the big bell for every skip load. Figures 
3 and 4 are photographs of the 3-in. scale model 
of this design, the hoppers and frustum being shown, 
spaced apart for clarity, in Fig. 5. 





OF A BLAST-FURNACE TOP 
THE FIXED FRUSTUM DESIGN 

In considering whether the introduction of moving 
parts into the furnace could be avoided, bearing in 
mind the additional possibilities of jamming in a 
more complex arrangement than the normal double 
bell, the author sought some means of discharging 
the burden either over or through a separate frustim 
permanently fixed in the furnace. 

If the fixed frustum is regarded merely as a trun- 
cated portion of the normal big bell which it is 
unnecessary to lift up and down, this problem can 
be solved by lowering the relatively light moving part 
of the big bell rapidly through the fixed part, 


If the drop can be accomplished by the action of 


gravity, as far as the upper edge of the fixed frustum, 
there can be no possibility of jamming, as the bell 
will pass through the frustum in advance of any portion 
of the burden. Moreover, the clearance between the 
bell and the frustum may be quite large. since for 


normal discharge over the frustum, position | of 


the bell (Fig. 8) can be slightly above the frustum, thus 
ensuring that the burden overleaps the clearance in 
its fall. The remainder of the bell-drop below the 
upper edge of the frustum is available for deceleration, 
so that the bell can be brought to rest gradually 
and without shock. 

Figures 6 and 7 show this arrangement as finally 
developed for application to an existing blast-furnace, 
to give three separate discharge positions and three 
corresponding stock-line patterns, as shown diagram- 








Fig. 9—Half-inch model of fixed frustum arrangement 
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Fig. 10—Mechanism for opening lower bell 


matically in Fig. 8. This principle of operation is 
the subject of a provisional patent application 
by the British [ron and Steel Research Association. 
Figures 9 and 10 are photographs of the model of 
this design, but in a simpler form giving only two 
positions. The desire for simplicity led to the model 
being constructed in this way. Experiments with 
the model, however, showed how easily a substantial 
variation in the contour pattern can be obtained 
by modification to the inner lip of the frustum and 
the arresting position of the bell. | Figure 6 shows a 
suitable combination for a typical furnace, but these 
features can be varied to suit any particular furnace. 

Figures lla and 6 are photographs of the burden 
discharging in the two positions in the model, viewed 
through one of the gas offtake openings. Figure 
lla shows the burden flowing over the fixed frustum 
as it does over the normal big bell. Leakage through 
the clearance is neg] gible. Figure 11b shows the whole 
stream of the burden passing through the fixed 
frustum, the upper edge of which is clearly outlined 
against the discharge. As is explained in more detail 
in the Appendix, a great deal is to be gained by adding 
a third position, and Figs. 6 and 7 show that this 
can be done very simply. There are three self-con- 
tained hydraulic dashpots or shock absorbers. The 
two outer dashpots act as a pair, and arrest the 
bell in position 2. Their duty is relatively light, as 
the bell falls less than 3 ft. before deceleration be- 
gins, and about the same distance is available before 
motion is finally arrested. To give position 3, the cross- 
head is lifted by the lever shown and the central 
dashpot comes into action. This has a heavier duty, 
but calculation shows that the energy to be absorbed 
is within the capacity of a buffer of this size. (The 
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Fig. 11—(a) Discharge over fixed frustum ; (b) Dis- 


charge through fixed frustum 


pistons in all the dashpots are restored slowly to 
their upper position by mechanical springs.) 

For operation in position 1 (normal discharge), 
the big bell lever is lowered and raised in the normal 
manner. For operation in positions 2 or 3, steam is 
admitted to the holding cylinders for a few moments. 
The bell lever is then lowered its full stroke, and as 
soon as it passes the clearance position it automatically 
trips a valve releasing the steam from the cylinders, 
thus allowing the bell red to drop. No harm can 
result from incorrect or faulty operation of the con- 
trols, other than a discharge of unintended pattern. 
If faults develop in the steam cylinders or shock 
absorbers, normal distribution of the burden in a V 
pattern can continue indefinitely as in an ordinary 
blast-furnace. 

It is difficult to see that this arrangement is likely 
to cause trouble in operation if the parts are properly 
designed to withstand the readily calculable stresses 
set up during deceleration of the relatively light 
bell and its rod, with allowance for a portion of the 
falling burden. Deceleration is gradual, and shocks 
to the top structure should therefore be negligible. 
If it were possible for jamming to occur with the 
bell falling freely through the upper opening of the 
fixed frustum, a bent bell rod might be the result. 
But jamming can occur only if the bell for some reason 
fails to fall freely, thus being overtaken by some of the 
burden ; in this case it is unlikely that there would 
be sufficient force to do any damage. The operation 
of the model demonstrates that the drop of the bell 
can be slowed down very considerably before any 
possibility of jamming arises, the burden taking 
a relatively long time to discharge. Even with quite 
a slow drop, such as could be imparted through the 
bell lever and rope, the bell only occasionally failed 
to pass through the frustum. Even with this method 
of operating, a substantial proportion of the contents 
of the hopper can be discharged in positions 2 and 3. 

An alternative method of operation would be by a 
large steam cylinder working in a similar manner to 
a steam hammer. This would be a very compact and 
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simple arrangement, eliminating the arresting cylin- 
ders and dashpots by giving 3-position control, but it 
would involve transferring the source of movement to 
the top of the blast-furnace, which present practice 
does not favour. The consumption of steam would 
also be a factor for consideration. Control, of course, 
would be from the ground. Mechanical operation has 


OF A BLAST-FURNACE TOP 


been favoured in this presentation because it was con- 
sidered important to be able to fall back on as near 
normal operation as possible in the event of un- 
expected trouble with the novel discharge positions. 
Otherwise the steam operating cylinder would be an 
extremely simple and neat scheme which could be 
easily fitted into an existing structure. 


APPENDIX 
Experimental Tests on the Fixed and Moving Frustum Design Models 


By H. L. Saunders, Ph.D., F.R.1.C. 


GENERAL 


The control of stockline segregation depends upon 
the ability (a) to charge material within the limits 
of a selected annulus located in different positions, 
and (b) to overlap and build up consecutive charges 
in the predetermined manner to give a desired gas 
flow over the whole area of the stack. Each individual 
setting of the head-gear will be associated with a 
distribution of lumps and fines over a limited radial 
distance, segregation being enhanced or minimized 
by the contour arising from the sequence immediately 
preceding. The degree of control thus depends 
directly on the number of locations in which material 
can be placed; these locations should overlap to 
cover all regions from the centre to the wall. If the 
number of locations is small, larger quantities must 
be charged at each head-gear setting to cover the 
total area, and the compensation pattern will be 
large. On the other hand, with increased choice for 
locating a charge, the pattern can be broken up into 
a number of smaller units, and compensation achieved 
with a correspondingly smaller bulk of material. 
This in turn means that a desired degree of compensa- 
tion can be secured within a smaller vertical distance 
as the choice of location increases. These points will 
be appreciated by reference to Fig. 12. 

Compensation is impossible with less than 2-posi- 
tion charging (Fig. 13b, position A, shows typical 
segregation with normal V pattern), and five positions 
may be regarded as a practical limit. As will be seen 
later, 2-position charging is inadequate, and little is 









Centre 


2 
(b) 














Fig. 12—Location in which material is placed; (a) Mov- 
ing frustum head-gear; (6) Fixed frustum head- 
gear. Arrows indicate the approximate direction 
of the fall of the material. Numbers refer to the 
bell positions in Figs. 2 and 8. (See also note on 

. 181) 
" The relative locations are those applying to the 
model, but they can be altered, to some extent, 
according to the design. They will also vary 
according to the height of the stockline 
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lost by sacrificing a fifth position, so that the choice 
really lies between a 3- and 4-position cycle, provided 
that the former can be made (by suitably dimension- 
ing the head-gear) to cover the requisite area. This 
implies a regular spacing of the impact points 
associated with the trajectories of the materials from 
each of the standardized head-gear settings. Attention 
must be paid to the horizontal component of the 
velocity of the falling material and the effect of thi; 
on the segregation. 

With increased flexibility of control. the operating 
mechanism becomes more complex, and some com- 
promise between these two factors seems inevitable ; 
the scientist would favour maximum control, the 
engineer simplicity of design, but it would be very 
difficult to estimate the relative values of the gains 
in either case. 


EXPERIMENTAL 
The ;1, scale model was used to study the various 
patterns associated with the different charging 
mechanisms, and some quantitative measurements 
were carried out in the limited time available. 


The materials charged consisted of equal volumes of 


lumps and fines, and an even distribution of these 
materials across the stack was taken as an arbitrary 
datum line for assessing the degree of control attain- 
able. The choice of a 50/50 location of lumps and 
fines in three annular zones should not be regarded 
as the ideal, for this assumes uniform descent of the 
burden over the whole stack area, which is unlikely 
in practice. Additional material might possibly 
be needed in a particular region to compensate for 
zonal combustion at the tuyeres. Moreover, such 
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Deviation from datum line: A 40°, ; B 20% ; C 4%, 


Fig. 13—-(a) Example of uniform distribution obtained 
with moving frustum arrangement; (6) Distri- 
bution obtained with normal charging 2-position 
and 3-position operation of fixed frustum arrange- 
ment 
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Fig. 14—(a, b, c) Alternative method of operation for 
position 1; (d) Position of bell in fixed frustum 
operation. The inner skirt can be at 30° to the 
vertical for better distribution 


addition may require a preponderance of either size 
at any of the selected charging positions. These 
points should be remembered when comparing 
the two mechanisms considered in the following 
paragraphs. 


MOVING FRUSTUM HEAD-GEAR 
The five motions of the bell and frustum shown in 
Fig. 2 give rise to five distinct patterns, the respective 
contours progressively changing from a V to an 
inverted V, with the consequent reversal of the 
individual segregation patterns.* Some variation in 
the position of impact is also possible, in the case of 
movements 1, 2, and 5, by an alteration in the stock- 
line height. 
The approximate positions of impact on a normal 
stockline are as follows : 
Distance of 


Impact Point 


Movement (nuinbered 
from Wall, in. 


as in Fig. 2) 


1 2-0 
2 1-0 
3 1-25 
} 0 

5 0-2 


Whereas movements 3 and 4 cause straightforward 
segregation patterns, with movements 2 and 5 
coarse material tends to segregate mainly towards 
the wall, and with movement 1 towards the centre. 

Experiments showed that it was possible to super- 





* This and subsequent conclusions in this section are 
based on experiments carried out where the deflecting ring 
on the inside of the frustum has been altered so that it has 
an inward slope (as shown in Fig. lta, 6, c), with the con- 
sequent formation of a central heap with the discharge by 
operation 3, Fig. 2. 
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impose these patterns in such a manner that (a) 
any desired stockline contour could be built up, and 
(6) a deficiency of lumps or fines at any of the five 
positions could be made good by adopting an appro- 
priate cycle. 

One example of reasonably uniform distribution 
is illustrated in Fig 13a. It should be noted that the 
areas covered by the annuli are in the ratio of 1: 3:5. 
Allowing for this area factor the percentage deviation 
from the 50/50 datum is 4°. 

The numbers in Fig. 12 refer to bell positions in 
Figs. 2 and 8. The relative locations are those applying 
to the model, but they can be altered, to some 
extent, according to the design. They will also vary 
according to the height of the stockl ‘ne. 

A considerable simplification in the working of the 
head-gear could be achieved by omitting movement 5, 
which, as will be seen by reference to Fig. 126, is 
already partially duplicated. Furthermore, movement 
1, operation of the frustum against shear of the burden 
(a point which has received some criticism), could 
be eliminated, without any sacrifice of control, by 
adopting the alternative manner shown in Fig. I4a, 
b. and ec. 


FIXED FRUSTUM HEAD-GEAR 

In its original form the fixed frustum head-gear 
could provide only two patterns, viz., those associated 
with V- and M-shaped stocklines, and only limited 
control was possible, the separation between the 
impact points being of the order of | in. at a normal 
stockline height. Any material lying near the centre 
of the throat had to reach that position by rolling 
down the slope created by a charge to the wall, 
and so a marked degree of segregation ensued, particu- 
larly near the central region. 

By coning the inside of the frustum to deflect falling 
material towards the centre, forming an inverted V 
instead of the M contour, greater control would be 
gained near the centre, but at the expense of a loss 
near the wall. 

To attain the requisite degree of control over the 
whole area, all three types of discharge can be secured 
by allowing for movement of the bell into any one of 
the three positions shown at Al, A2, A3, in Fig. 
l4d. This was not actually possible with the existing 
model, because of the necessity for extending the bell 
travel beyond its limit, but there seems no logical 
reason why it cannot be achieved. Anticipating 
this, the essential operations were performed indirectly 
by adding a skirt to the inside surface of the frustum, 
and the results showed that the distribution associated 
with a two-cycle operation (Fig. 13b, position B), a 
deviation from the datum line of 20°, could be 
greatly improved when the third operation was in- 
cluded (Fig. 136, position C), a deviation from the 
datum line of 4%. 
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The Mechanism of Solidification of Horizontal 
Steel Castings 


By D. R. F. West, B.Se., Ph.D., D.I.C. 


SYNOPSIS 


An investigation was made to determine the factors which influence the macrostructures of horizontally 


cast steel blocks, with special reference to the temperature conditions and rates of solidification. 


The rates 


of solidification from the upper and lower surfaces of castings were varied by placing chills of copper and iron 
on these surfaces, and the resulting macrostructures were examined. 

Experiments were made to determine the temperature conditions during the solidification of sand and 
chill castings, by inserting thermocouples into the mould cavity, and measuring the temperatures at intervals 


after pouring, using a selector switch and a high-speed recorder. 


The liquidus-solidus ranges of some com- 


mercial steels solidifying in the form of castings were investigated, and the temperature gradients and rates 
of solidification from the upper and lower casting surfaces, for various degrees of superheat, were determined. 
Rates of solidification were also determined by the pour-out method. 

The main factor influencing the macrostructure was concluded to be the distribution of centres of 


crystallization in relation to the rate of solidification. 


The gravity settling of crystallites was considered to 


be of particular importance in determining the distribution of these centres. 


Introduction 


HE macrostructure of horizontal sand castings 

was first described by Gray, and in the First 

Report of the Melting and Metallurgical Com- 
mittee of the British Iron and Steel Research Associa- 
tion? an account was given of a further investigation 
of the mechanism of solidification. The present work 
was initiated to determine, in particular, the influence 
on the macrostructure of the rate of solidification, 
and the temperature conditions existing in castings 
during freezing. 


PART I—AN INVESTIGATION OF THE MACRO- 
STRUCTURES OF HORIZONTALLY CAST 
STEEL BLOCKS, AND OF THE EFFECT OF 
CHILLS ON THE MECHANISM OF SOLIDIFI- 
CATION 

Experimental Procedure 

A series of horizontally cast blocks,* each being 18 
in. long and of 4-in. sq. section, were fed at one end 
from a whirlgate feeder head. To vary the rates of 
solidification from the upper and lower surfaces, chills 
of either copper or iron were moulded into position as 
required (Fig. 1). The chills were placed in position as 
follows : 

Casting A Dry sand mould, no chills 
> Tron, chill on lower surface 
C Jron, chill on upper surface 
D Copper, chill on lower surface 
KE Copper, chill on upper surface 
F’ Tron, chill on lower surface, copper, chill 
on upper surface 
G_ Tron, chill on upper and lower surfaces 
HT Copper, chill on upper and lower surfaces 
I Dry sand mould, no chills. 

Melting was carried out in a 2-ton acid electric-are 
furnace, the steel being finally deoxidized by the 
addition of 5 1b. of aluminium in the ladle. The castings 
were teemed in the order set out above through a 
ladle nozzle of 1} in. dia., the time for filling the 
moulds varying between approximately 13 and 17 sec. 





* Made by the English Steel Corporation, Ltd. 
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Thermocouples, enclosed in silica sheaths, were 
moulded into the heads of castings A, #, and I so 
that they projected 1 in. into the mould cavity, and 
temperature readings were taken when the castings 
were poured, the maximum values being as follows : 
Casting A 1498°C. Casting # 1196°C. Casting 7 1481°C. 
However, the readings were misleading owing to the 
excessive time lag of approximately ? min. before 
the maximum values were attained, since it seems 
likely, in the light of temperature measurements 
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Fig. 1—Design of casting for investigation of the effect 
of chill on the mechanism of solidification 
described on p. 188, that the temperature in the stec! 
1 in. from the interface had fallen practically to the 
liquidus during this time. A comparison of the 
macrostructures of these blocks with those of the 
castings described later, indicated that the pouring 
temperature was probably not more than 40° C. above 
the liquidus. 

The percentage analysis of the bath sample was 
C 0-22, Si 0-42, Mn 0-83, S 0-034, P 0-040. 

After annealing, the blocks were sectioned longitud- 
inally from top to bottom, so that one of the cut 
surfaces represented a central section. This surface 





Condensed version of Report SC/.\ 38/49 of the Melting 
and Metallurgical Committee of the Steel Castings Divi- 
sion of the British Tron and Steel Research Association, 
received 3rd August, 1949. The views expressed are the 
author’s, and are not necessarily endorsed by the Com- 
mittee as a body. 

Dr. West is a Scientific Officer at 
Research Establishment, Woolwich. 
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Fig. 3—Macrostructures of transverse half 
sections “a | 
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Fig. 4 Outlines of pour-out castings: (a),(b) and (c) sand castings; (d) top-chilled casting 
(a) After } min. ec) After 4 min. 


‘b) After 1} min. d) After 1 min. ; 
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Transverse macrostructure of casting F3, cast 
with steel sheet division in mould 1 


(a) Casting G2 (b) Casting G6 
West 


Fig. 5—Macrostructures of part of longitudinal central Fig. 6 
section of top-chilled castings <a 
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was prepared by grinding, and the structure was 
investigated by means of sulphur printing, and macro- 
etching with Oberhoffer’s reagent. 
sections were also examined. 


Structures of the Castings 


The main point of interest in all the castings was 
the fact that the structure was radically different 
in the upper and lower halves. The chief structural 
features of the blocks are shown in the sulphur prints 
(Fig. 2), and the form of the crystal growth is shown 
more clearly in the etched transverse half sections 
(Fig. 3). 

Sand Castings—In the sand-cast blocks (Figs. 
2a and 3a) the main structura] features were as 
follows : 

(i) A zone of columnar dendritic crystals in the 
upper part of the casting, extending downwards nearly 
to the centre 

(ii) A central region of unsoundness and segregation. 
The major segregate took the form of a V extending 
outwards through the upper and lower erystal zones 
towards the feeder, and appeared to be analogous to 
that in vertical ingots 

(iii) A band about } in. wide of relatively large 
equiaxial crystals below the columnar zone 

(iv) A lower region of nuclear crystals* 

(v) A narrow chill zone of comparatively small 
columnar crystals growing from all the surfaces of the 
castings. 

Chill Castings—A study of the chill castings showed 
that there was no significant difference in structure be- 
tween castings chilled on similar faces with copper and 
with iron. Although the thermal diffusivity of copper 
was approximately twice that of iron, the thickness 
of the chills was probably too great for this difference 
to be reflected in the macrostructure, 7.e., the total 
heat capacity of the chills was sufficient to absorb 
the heat of solidification, and thus to mask the effect 
of differing diffusivities. 

In the chill castings, immediately adjacent to 
the chills, there existed chill zones (Fig. 3b, c, and 
d), generally consisting of very fine columnar crystals, 
but in some instances (e.g., near the closed end of 
top-chilled castings) they consisted of nuclear crystals. 

The chills did not alter the fundamental difference 
of the form of the crystal growth in the upper and 
lower halves, showing that the rates of solidification 
from the upper and lower surfaces did not entirely 
control the structure. When a chill was placed on 
one surface only, the extent of the main crystal 
zones was altered by the action of the chill in moving 
the centre of freezing (i.e., the position of the liquid 
last to solidify) away from the geometrical centre. 

Bottom-Chilled Castings—In the castings chilled on 
the lower surface, the centre of freezing, as indicated 
by the site of segregate and unsoundness, was about 
} in. above the geometrical centre, the columnar zone 
being thereby abbreviated (Figs. 2) and 36). The 
equiaxial zone remained, extending. about } in. 





* The term nuclear describes a structure consisting of 
small units which have developed from individual nuclei, 
which do not show the formation of dendritic arms. as do 
equiaxial crystals. and which form when fewer nuclei are 
present and where growth of the nuclei can take place 
with less mutual interference between neighbouring units. 
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Top-Chilled Castings—The structures of the top- 
chilled castings were of particular interest. The 
sulphur print (Fig. 2c) showed that the centre of 
freezing did not correspond to the junction of the 
upper and lower crystal zones, as in all the other 
blocks, but its position, as indicated by the region 
of unsoundness and segregation, was within the 
nuclear zone. Moreover, the columnar zone did not 
remain uniform in depth along the whole length of the 
block, but extended to a minimum depth of approxi- 
mately 1} in. near the closed end, and a maximum 
depth of approximately 2} in. near the feeder end. 
The structure of these top-chilled blocks is discussed 
on p. 193, when the general theory of the mechanism 
of formation of the main crystal zones of horizontal 
castings is considered. There was no marked equiaxial 
zone in the top-chilled castings, although there was a 
very narrow region of these crystals situated at the 
tips of the columnar crystals (Fig. 3c). 

Upper and Lower Surface-Chilled Castings—In the 
castings chilled on both upper and lower surfaces, 
the main crystal zones were the upper and lower chill 
zones, and the upper columnar, and lower nuclear 
zones. The equiaxial zone was greatly abbreviated 
(Fig. 3d), and towards the feeder end it contained 
most of the major segregate (Fig. 2d). 


The Distribution of the Major Segregate 

All the castings showed some slight unsoundness 
associated with the segregate. The top-chilled castings 
showed the least, although in none of the blocks 
was the defect of great importance. 

Sand-Cast Blocks—The segregate 
situated, and was found chiefly in the half near the 
feeder end (Fig. 2a). It occurred in the form of irregular 
shaped patches, of which the largest were situated at 
the base of the columnar zone, the tips of the dendrites 
at some points extending just below the segregate. 
Extending upwards and downwards into the adjacent 
crystal zones, and constituting a V-formation, were 
smaller, elongated areas of segregate. 

Bottom-Chilled Castings—The centre of freezing, 
and consequently the main line of segregate, was at 
a level approximately } in. above the geometrical 
centre. The lower half of the V was almost completely 
absent in these blocks (Fig 24). 

Top-Chilled Castings—The V-shaped segregate area 
was confined to the lower nuclear zone (Fig. 2c). The 
extreme portions of the upper half of the V reached, at 
some points, the narrow zone of equiaxial crystals 
situated at the base of the columnar crystals, but 
no penetration between the dendritic axes was visible. 
There was no main ‘central’ axis of. segregate 
situated between the arms of the V as was present in 
the other castings. 

Upper and Lower Surface-Chilled Castings—The 
segregate was in an approximately central position 
(Fig. 2d). As in the top-chilled castings, the individual 
areas of segregate were smaller than in the sand cast- 
ings. The V was restricted in width, and the branches 
did not extend far out into the adjacent crystal 
zones, being confined chiefly within the equiaxial 
zone which existed between the upper and lower 
crystal zones. It extended along practically the whole 
length of the casting, taking the form, at the closed 


was centrally 
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end, of a type of secondary segregate, situated beyond 
the central shrinkage cavity which was _ present 
in all the double-chilled blocks. It appeared that 
a bridge may have formed across the centre during 
solidification, and that a feeding-back action of the 
segregated liquid beyond this may have given rise 
to the secondary segregate. 

Infiuencing Factors 

The general opinion on the formation of major 
segregate is that it results from the progressive 
enrichment of the mother liquid by differential 
solidification, and the subsequent motion of the 
enriched liquid in the still-liquid regions of the casting. 
A point still requiring a full explanation is that 
dealing with the factors influencing the motion of 
the segregated liquid. The lower density of such liquid 
gives it a tendency to rise, and, for this reason, the 
lower half of a casting should make a greater contribu- 
tion to the central segregate than the upper half. Some 
evidence of this was shown in the bottom-chilled cast- 
ings where the lower half of the WV was almost com- 
pletely absent. 

In the sand castings (Fig. 2a) where the upper colum- 
nar dendrites were coarse, the tendency for upward 
flotation of the enriched liquid resulted in patches 
of segregate occuring above the tips of the dendrites, 
between their major axes. With the finer columnar 
crystals of the chill castings such an upward flotation 
between the dendrite arms was ‘not possible. In the 
sand castings the enriched liquid tended to remain 
entrapped between the spines of the advancing 
dendrites as they reached out into the liquid interior 
of the casting. In the chill castings, with their finer 
erystal structures, the advancing wall presented 
a much more uniform surface to the liquid, so that 
less entrapment occurred. 


PART II—SOLIDIFICATION OF SMALL HORI- 
ZONTAL STEEL CASTINGS, WITH SPECIAL 
REFERENCE TO THE EFFECT OF THE THER- 
MAL CONDITIONS ON MACROSTRUCTURE 

Previous Work 

Four main methods have been used in previous 
investigations of the problems connected with the 
temperature conditions existing during the solidi- 
fication of steel castings. 

(i) Mathematical Approach—Many assumptions 
are necessary, and calculations are based on semi- 
infinite conditions. Moreover, the necessary thermal 
data for high temperatures are not available. Workers 
such as Feild? and Lightfoot,’ in calculations on 
vertical ingots, have shown that the depth of metal 
frozen. D, bears the following parabolic relationship to 
the time, 7': 

D=k~7/T 

(ii) Pour-out Method—This method, involving the 
draining of castings before solidification is complete, 
has been used by such workers as Nelson® and 
Chipman,® to determine the rates of solidification in 
vertical ingots, and by Briggs and Gezelius,’ Troy,’ and 
Clark,® and others, in the fields of sand and chill cast- 
ings. Considerable quantitative differences exist be- 
tween the results of various investigators, but these 
may be chiefly attributed to differences in superheat, 
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and to the shapes and dimensions of the castings. 

(iii) Direct Temperature Measurement—Briggs and 
Gezelius? and Chorinov” have used this method, but 
no comprehensive investigation of temperature 
gradients and rates of solidification is recorded in the 
literature. 

(iv) Electrical Analogue Method—The problem is in- 
vestigated by determining the electrical conditions 
in an electric circuit analogous to the heat flow system 
of the casting. The chief workers have been Paschkis,!! 
on sand castings, and Spretnak,!? on vertical ingots. 
A study of the results obtained by the analogue in 
the light of the present work has shown certain 
discrepancies, and a close check of the electrical 
results with those of direct methods of measurement 
seems necessary. 


Experimental Procedure 


The casting used in the experiments was limited in 
size by the available melting capacity, which was 
approximately 21 lb. of steel. The design of the block 
is shown in Fig. 7. The section was 3 in. square and 
the length was 5 in., feeding being carried out through 
a whirlgate head. 

The technique adopted for the investigation of the 
thermal conditions in the casting during solidification, 
was to place thermocouples with their tips at various 
points across the section, and to measure the thermal 
e.m.f.’s developed by them, using a high-speed recorder 
in conjunction with a selector switch. The recorde: 
was a Tinsley D.C. amplifier high-speed recorder unit. 
A recorder range for which an input of 2 mV. 
gave a full-scale deflection was used, so that it was 
necessary to oppose the thermal e.m.f. from the 
couples with a known back e.m.f., to make 
the resultant which entered the recorder less than 
2 mV. In the temperature range 1400-1600° C.. 
an e.m.f. of 2 mV. from the Pt/Pt-13°% Rh couples 
used, corresponded to approximately 140°C. The 
accuracy of the recorder response was given as -}- 1%. 
which corresponded to approximately + 1-5° C. on 
the 2-mV. range. 

For the greater part of the work six couples were 
connected to the recorder through a selector switch. 
The time for one complete cycle on the switch was 
approximately 8 sec., when working automatically, 
so that this time represented the interval between 
successive readings on any one couple. The switch 
could also be operated manually by a press button, 
which was particularly useful when taking temperature 


measurements in the sand, where a wide range of 


temperature readings had to be covered. The switch 
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Fig. 7-—-Design of casting for thermal gradient investi- 
gation 
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could be stopped on each point for the desired time, 
and the back e.m.f. adjusted to bring the reading on 
to the scale. 

The temperatures of the Pt/Pt-13°% Rh thermo- 
couples were obtained by reference to charts supplied 
by the manufacturers. All couples came from one batch 
of wire, the limits of absolute accuracy for which 
were given as 2-2°C. in the range 1400-1600° C. 
Temperatures were given to the nearest 1° C. 
Reference must be made to the new temperature 
e.m.f. charts if the values given here in Centigrade are 
desired in terms of the recently adopted Celsius 
scale. The wire was of diameter 0-20 mm., the Pt 
lead being insulated from the Pt-Rh lead by a thin 
silica sheath. The couple was then enclosed in an 
outer sheath of bore from 1-25 to 1-50 mm., and ex- 
ternal diameter from 2-0 to 2-5 mm. Using this tech- 
nique, the thermal lag was small, and small tempera- 
ture changes could be detected. It is unlikely that the 
sheaths had any appreciable chilling effect on the 
steel, since temperature curves were obtained showing 
the cooling of the liquid steel from temperatures well 
above the liquidus (see Fig. 11). 

[t was found that when the inserted sheaths pro- 
jected horizontally from the side walls of the mould. 
the flow of steel filling the mould during pouring 
caused the sheaths to bend upwards. The only 
satisfactory method of overcoming this difficulty 
appeared to be that of inserting the couples projecting 
vertically upwards from the lower surface of the 
mould. The mould assembly was mounted on a 
platform about | ft. from the foundry floor. When 
finally in position in the mould, the sheaths projected 
upwards from basal points lying in an approximate 
circle, and formed a cone with their tips lving in a 
vertical line through the central plane of the casting, 
at a distance of 2} in. from the end wall. The couple 
wires were held within the sheaths with plasticene, 
and passed down through a hole in the platform to 
the cold junction. This method of inserting the couples 
was found satisfactory, and was used for all the 
thermal gradient experiments. All ‘the moulds were 
skin dried with a gas flame after the couples were 
inserted. In this connection, it may be noted that 
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Womochel and Sigerfoos!4 have shown that variations 
in moisture content do not greatly affect the solidifica- 
tion of small steel castings. 


Preliminary Investigation of Macrostructure 

A series of castings, ranging in composition from 
0-2 to 0-75°%, of carbon, and cast with superheats 
ranging from 10 to 100° C., was made for the purpose 
of comparing the structures with those of the large 
blocks, 

The major segregate in these castings did not 
take the form of a V, but, when present, was situated 
in a region at the end and around the edges of the 
pipe. ‘The same fundamental division into an upper 
columnar, and a lower nuclear or equiaxial zone 
existed. For the complete range of superheat studied 
the upper half of the casting remained columnar. 
For degrees of superheat below about 40° C., the lower 
zone was nuclear, and only a narrow chill zone of 
columnar crystals, extending approximately } in., 
was present at the lower surface. For higher degrees 
of superheat there was a zone of approximately } in 
to ? in. of columnar crystals at the lower surface, 
and the remainder of the lower half consisted of 
equiaxial crystals. The junction of the upper and 
lower crystal zones was approximately 0-1 in. above 
the geometrical centre. 

The range of carbon content extended beyond the 
limit of the peritectic reaction, and within this range 
no variation of structure with composition was 
noted. Thus, the macrostructure was not affected by 
whether the steel first solidified in the delta or in the 
gamma form. 


INVESTIGATION OF THE LIQUIDUS SOLIDUS 
RANGES OF SOME COMMERCIAL STEELS 
SOLIDIFYING IN THE FORM OF CASTINGS 

Experimental Procedure 

A number of castings were made, in each of which 
two couples were placed on the centre-line of the blocks 

with their tips } in. apart. From one of these, a 

direct cooling curve was obtained automatically on 

the recorder, whereas from the other an inverse 
curve was obtained, using a hand-operated potentio- 
meter ; the times for the steel to cool through intervals 
of 0-04 mV. (approximately 3° C.) being noted 

A survey of a range with compositions up to 
approximately 0-8°, of carbon was made (castings 

C1-C14), generally using two couples only. Subsequent 

thermal gradient experiments, where six or seven 

couples were used, have been incorporated in the dia- 
cram of liquidus temperatures (Fig. 5), which is 
therefore based on the results of 32 experiments. 


Results 

When six or seven couples were used in one experi- 
ment, the scatter between the maximum and minimum 
readings of any one set was generally not more than 
7° C., and in many cases was lower. ‘This scatter was 
probably caused by embrittlement of the couple wire, 
although, to reduce this error, embrittled wire was 
cut off after each experiment and a new hot junction 
was made. In some of the castings made for the 
thermal gradient experiments, couples were placed 
projecting less than } in. into the castings; these 
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Figs. 9 (a) and (b) Figs. 10 (a) and (b) 


Fig. 9—_Direct cooling curves : ‘a) Casting D5 (C 0-47°), 
Si 9-19°., Mn 0-57°,); (6) Casting D3 (C 0-69°%,, 
Si 0-23°,, Mn 0-58%) 
Fig. 10-—Inverse cooling curves: (a) Casting D5; 
6) Casting C6 (C 0-33%, Si 0-15%, Mn 0-39%, 


showed a definite conduction error, and gave low 
readings (couple 1, casting Ds, Fig. 11). 

For steels throughout the range investigated, both 
inverse and direct curves showed one major arrest 
at which a large percentage of the steel at a given 
point appeared to solidify. In some cases it was 
perfectly level throughout its entire length (Fig. 9a), 
and in others it decreased through a small range of 
temperature, generally not more than 1-4°C. (Fig. 
9b). This arrest was taken as the effective liquidus for 
steels solidifying under the conditions of the investiga- 
tion. ; 

At the end of the arrest the curves showed a com- 
paratively rapid decrease in temperature. The inverse 
curves obtained on couples near the centre of the 
castings showed a discontinuity, at which the rate 
of cooling reached an approximately steady value of 
between 20° and 30° C. per minute (Fig. 10a). This 
discontinuity was between 10° and 20° C. below the 
liquidus for couples near the centre. On corresponding 
direct curves, a change of slope was generally detect- 
able at the same temperature as the discontinuity 
on the inverse curves. At points intermediate between 
the centre and the edge the form of the inverse curves 
below the arrest was modified, due to heat flow 
from within the solidifying interior. The discontinuity 
did not correspond to any significant stage in solidifi- 
vation, since its position relative to the liquidus bore 
no relation to the equilibrium width of the freezing 
range. It was evidently an effect associated with the 
heat flow conditions in a solidifying casting, and 
detection of the end of freezing was not possible 
from a cooling curve. 

For steels containing up to about 0-40°% of carbon, 
a second arrest at 1485° C. was detected (Fig. 10d), 
corresponding to the peritectic reaction. From the 
diagram of liquidus temperatures in Fig. 8, the 
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limit of the delta-plus-liquid field has been placed 
at approximately 0-5° of carbon. 

The silicon and manganese contents of the castings 
varied appreciably, although the great majority of the 


compositions lay within the limits of 0-15 and 0 -30°% of 


silicon and 0-45 and 0-60°% of manganese. However, 
any differences in liquidus values due to these composi- 
tional variations would be within the limits of experi- 
mental error. The total depression of the freezing 
point of iron, caused by the presence of silicon and 
manganese in these amounts, and also by the small 
quantities of nickel, chromium, and molybdenum 
which were originally present in the rod used for 
melting, should be approximately 6°C. This partly 
accounted for the fact that the liquidus values as deter- 
mined were somewhat lower than those given in the 
latest iron-carbon diagrams, although the effect of the 
casting conditions must also be borne in mind. 


DETERMINATION OF TEMPERATURE CONDI- 
TIONS WITHIN THE CASTINGS DURING 
SOLIDIFICATION 

Experimental Procedure 

A series of eight castings was made, of composition 

varying from approximately 0-30 to 0-7°% of carbon 
(castings D1—D8), and cast with degrees of superheat 
varying from 10° to 120°C. Six couples were placed 
with their tips at intervals across the section of the 
castings, from top to bottom. The solidification 
from the end wall was investigated in castings D9 
and D110. 
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TIME FROM BEGINNING OF POURING, SEC. 
"ig. 11—Curves showing cooling of liquid steel and 
beginning of liquidus arrest in casting D8 (C 0.47",, 
Si 0.29°,, Mn 0-41°%). Liquidus 1481°C. Super- 
heat 120°C. Pouring time 14 sec. 
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An immersion temperature was taken in the furnace 
pot immediately prior to pouring, and this value 
agreed fairly closely with that obtained by extra- 
polating back to the point representing the beginning 
of pouring, the temperatures recorded for the 
liquid steel when it filled the mould. The values 
of pouring temperature given are considered accurate 
only to the nearest 10° C. 

From the direct cooling curves obtained on the 
recorder, times for the beginning of the arrest were 
measured to the nearest 0-10 min., and for the end 
of the arrest to the nearest 0-05 min. 

The casting and solidification data for the castings 
investigated are listed in Table I. 

The composition of the steel (within the limits of 
0-30 and 0-70°% of carbon) was ignored, as it had been 
found to be a factor which had no apparent effect on 
the mechanism of solidification. This had been shown 
by the macrostructure being independent of the carbon 
content, and by the similarity of the cooling curves 
throughout this compositional range. 


Cooling of the Liquid Steel in the Mould 

For castings D1] and 22, poured with 10° and 20°C. 
superheat respectively, the first readings were prac- 
tically at the liquidus arrest, but for castings with 
degrees of superheat of 40° C., and higher, the cooling 
of the liquid steel down to the arrest could be followed. 

The liquid cooling portions of the curves obtained 
in casting D8 are shown in Fig. 11, the couple pro- 
jecting } in. into the casting showing a marked 
conduction error. The rate of cooling of the steel 
at the centre of the casting during the first } min. was 
approximately 23°C./sec. Approximately } min. 
after the beginning of pouring, when the mould was 
just filled, the temperature gradient in the liquid 
was of the order of 20° C./in. At this stage, consider- 
able motion of the liquid due to turbulence and con- 
vection would be expected. After } min., more 
static conditions prevailed, and a fairly regular 
gradient existed, of the order of 30°C./in. The 
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temperatures after } min. (making a correction of 
10° C. for the conduction error of couple 1), were 
plotted against the distance from the surface, and, 
as shown in Fig. 12, the points lay on a fairly straight 
line. If the line was continued to the sand—metal 
interface position, it indicated an interface tempera- 
ture of 1482° C., which was approximately the liquidus 
temperature for the steel. This extrapolation may not, 
however, be justified. On the basis of an interface 
temperature of 1482° C., liquid steel could have been 
in contact with the mould wall } min. after pouring. 


Beginning of the Arrest 

After the initial rapid cooling of the liquid steel, 
the rate of cooling decreased just before the arrest 
began. Undercooling, as indicated by ‘ recalescence,’ 
was a very infrequent phenomenon, and where it 
occurred the extent did not exceed 1-3° C. 


Table I 
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. sea | | Equations of Solidification | Initial Lag in Com-| .; i ial ied 
et Een oe leon accent | of Reman at Centre 
C.% Sl, %o Ma, % | - | Bottom | Top — Bottom Top min. 
| ! 1 | | | 
Di | 0-52 0.23 0-51 10 | 0-77, T—0-10 | 0-83,/T—0-40 | 10 | tj) ts 5-05 
D2 | 0-28 0-29 0.74 20 | 0-82, T--0-25 | 0-77,/T—0-35 1 | 6 13 5-10 
D3 | 0.69 0-23 0-58| 40 | 0-87\/T—0-35 | 0-88\/T-—0.65 | 12 | 12 | 30 5-25 
D4 | 0.43 0-24 0.53/ 50 | 0-80 T-0-50 | 0-83\/T-0-55/| 12 | 18 | 30 | 5-70 
D5 | 0-47 0-19 0-57/ 50 | 0-88\/T—0-50 | 0-85 \/T-—0-65 | 0 | 9 | 38 | 6-10 
D6 | 0-57 0-30 0-60 | 80 | 0.80\/T—0-55 | 0-83\/T—0-70 | 10 | 23 45 | 6-55 
D7 | 0-39 0-18 0-50} 90 | 0-80,/T—0-45 | 0-71,/T 0.45 | 10 | 18 | 22 | 6-75 
D&S | 0-47 0.29 0.41 | 120 | 0-79/T_0.50 | 14 | 24 | | 7:10 
| Equations of Solidification } oiahue of btseee mn bn 
| | from End Wall, D | Wall, sec. 
D9 | 0-43 0-21 0.58 | 50 | 0-70\/T—0-40 19 
D10 | 0-45 0-24 6.61/ 50 | 0.75 \/T—0-45 | 19 | 
| | | 





All times and calculations of equations are based on the beginning of pouring as zero time, except in castings D9 and D10 where zero time 


was taken as when the mould was half filled ‘i.e.. to the level of the couples... 
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Fig. 13—-Temperature gradients in vertical plane in 
sand mould and casting at various times after 
pouring. Superheat 50 C. 

The times for the beginning of the arrest did 
not vary regularly across the section. The values 
were plotted as a function of distance against time, 
and alternatively against the square root of time, 
but no definite relationship could be established. 
In Fig. 14a the square root of the time was used, 
and the irregularity of theresultscan be seen. However, 
two significant features were noted : 

(i) The arrest began throughout the whole casting 
within a time which did not greatly exceed 1 min., 
even for the higher degrees of superheat (e.g., 120° C.) 

(ii) The arrest in the upper half of the blocks showed 
a definite trend towards beginning later than that in 
the lower half. This was partly due to the fact that 
all times were measured from the beginning of pouring, 
so that the time readings in the upper part were 
somewhat longer than would have been the case if a 
separate zero had been taken for each couple as the 
time when the mould was filled to the level of the 
couple tip. However, the lag in the upper half is 
considered to be chiefly caused by thermal differences 
set up when the mould was filled, and ts discussed on 
p. 191. 

By the time the arrest had begun throughout 
the section of the casting, a solid skin had formed 
at the surface of thickness approximately 0-2-0-5 in. 
(depending on the superheat). he distribution 
of temperature across the section of casting D5 is 
shown in Fig. 13. The values for the sand—metal 
interface temperature and for the temperatures in 
the sand were taken from separate experiments 
described on p. 191. It will be seen that throughout 
the greater part of the solidification period there was 
no detectable temperature gradient in the liquid 
interior of the casting, the gradient of prime impor- 
tance in determining the rate of solidification being 
that between the sand—metal interface and the liquid 
solid interface, which was of the order of 80-90° C. 

The state within the casting was that described by 
Heggie!® as one of dynamic heat balance. This term 
was introduced to denote that the latent heat evolved 
in freezing at any particular moment was just sufficient 
to balance the heat removed at the surface of the mould. 
A similar state of heat balance has been found to 
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exist in aluminium castings.!° Solidification proceeded 
by the advance of the liquid—solid interface into the 
mass of liquid at the liquidus temperature. The 
question of nuclei and crystallite formation in this 
central mass of liquid is discussed on p. 193. 


End of the Liquidus Arrest 

The distance from the surface, D, was plotted against 
the square root of the time, 7’, at which the liquidus 
arrest was complete, and the points lay on two straight 
lines, one representing the solidification from the upper 
surface, and the other that from the lower. Typical 
graphs are shown in Fig. I4a@ and 6. Where 
couples were located near the centre of freezing, 
they indicated that the straight-line relationship 
held throughout the whole period of solidification, 
within the limits of experimental accuracy. Thus, 
at the positions where these measurements were 
made (approximately half way along the blocks) 
solidification from the side walls did not increase to 
any appreciable extent the rate of freezing in the 
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Fig. 14—-Results of pour-out and temperature measure- 
ments for sand castings : (a) Beginning and end of 
liquidus arrest. Casting D3. Liquidus 1471° C. 
Superheat 40°C. Pouring time 12 sec.; (b) Sand 
castings. Superheat 50°C. Comparison of pour- 
out and temperature measurement results ;_ (c) 
Casting D10. Liquidus 1485°C. Superheat 50°C. 
Solidification from the end wall 
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final stages. This was not so for freezing from the end 
wall (Fig. 14c), where there was an increase in the 
rate of solidification beyond a depth of approximately 
lin. This was presumably due to the combined action 
of side and end walls, giving an increased rate of heat 
extraction in the final stages of freezing. 

The intersection of the lines from the upper and 
lower surfaces, indicating the position of the centre 
of freezing, was situated approximately 0-1 in. above 
the geometrical centre, and coincided with the junction 
of the upper and lower crystal zones. Moreover, at 
any given time during solidification, the level at which 
the liquidus arrest was complete in the lower half 
exceeded that in the upper half by approximately 
0-1-0-2 in. 

Pour-out experiments were carried out, in which a 
number of castings were drained at various intervals 
after pouring, and the thickness of solidified steel 
was measured. The results of the pour-out tests are 
shown in Fig. 145 compared with the temperature 
results from casting D5, poured with the same degree 
of superheat (50° C.). Agreement between the two 
sets of results was quite close. A good agreement was 
also shown when pour-out results were compared 
with temperature measurement results for similar 
castings, top chilled (Fig. 19). 

However, neither the temperature measurement 
experiments nor the pour-out tests gave an exact value 
for the amount of metal frozen at any given time, 
because of the difficulty of assessing exactly the stage 
in solidification they represented. The apparently 
solid skin indicated by the pour-out tests must have 
actually contained some interdendritic liquid at 
the moment of pouring out, and immediately adjacent 
to the liquid-solid interface only was it possible for 
such liquid to drain out. This is illustrated by the 
irregularity of the pour-out surfaces (Fig. 4b and 
c). In the early stages of solidification, the surface 
was more smooth (Fig. 4a) because the crystal growth 
was much finer, the columnar crystals being closely 
spaced. An interesting feature of the casting poured 
out after 4 min. (Fig. 4a) was the caving in of the 
walls due to the vacuum created on pouring out and 
the insufficient strength of the skin to withstand the 
external pressure. The chilled castings showed a 
smoother pour-out surface on a chill face (Fig. 4d), 
owing to the finer columnar structure, with consequent 
narrower interdendritic channels. 

The temperature at which solidification was 
complete in these interdendritic channels could not 
be determined experimentally. From the equilibrium 
diagram for iron-carbon alloys, the equilibrium 
freezing range for steels of 0-4-0-8% of carbon, 
is found to be of the order of 50-100° C. This tempera- 
ture range may often exceed the temperature gradient 
across a casting during solidification, which was found 
in the present investigation to be of the order of 
80-90° C. Thus, in a sand casting there may exist a 
small amount of unsolidified liquid throughout 
practically the whole section of the casting while the 
liquidus arrest is still in progress at the centre. 
However, except in the near vicinity of the liquid— 
solid interface these liquid channels would be very 
narrow. 
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Effect of Superheat on Solidification 

Several interesting features were noted in connection 
with the effect of superheat. 

Extrapolation of the D/4/T lines, on the assump- 
tion that the relationship held in the early stages 
of solidification, indicated an initial lag in the 
completion of the arrest at the surface. Taking 
into account this initial lag, the general equation 
of solidification was of the form : 


D =k/T —c 
where k and ¢ are constants. 

The equations for the present series of castings 
are given in Table I, together with the values for 
the surface lag. 

There was a general] trend for the initial lag to 
increase as the superheat increased, and it was greater 
at the upper surface than at the lower. With the 
higher degrees of superheat, this difference between 
the surface lag at the top and the bottom could not 
be accounted for by the time taken to fill the mould, 
and it was considered to be caused by certain thermal 
differences, discussed on p. 191. The lag at the lower 
surface was as high as 24 sec. for 120° C. superheat, 
whereasfor 10° C. it was only a few seconds induration. 

The values of k did not vary regularly with super- 
heat. The majority of the values lay within the 
range 0-80—-0-88, althouch a few were outside these 
limits. No significant trend of differences of k values 
was noted for solidification from the upper and lower 
surfaces. 

The chief effect of increasing the superheat appeared 
to be to prolong the solidification, not by decreasing 
the slope of the D/4/T lines, but by increasing the 
initial lag before solidification was complete at the 
surface. The lag represented the time necessary to 
remove the superheat from the liquid steel. 

Mathematical theory indicates that the relationship 
between the time of complete solidification and the 
degree of superheat should be parabolic. When the 
superheat was plotted against the square root of the 
time of completion of the arrest at the centre of 
freezing, a fairly straight line could be drawn through 
the points, but an equally straight line could be 
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Fig. 15—Relationship between superheat and time of 
completion of liquidus arrest at centre of freezing 
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Fig. 16—Sand/metal interface temperature curves. 
Superheat 50° C. 


drawn when a simple superheat/time plot was made 
(Fig 15). Hence, in the range studied, the curvature 
of the parabola was so slight that within experimental 
accuracy the relationship could be considered linear. 


Discussion of Superheat Theories 

It should be mentioned that objections have been 
raised to the theory that there is an initial lag in the 
completion of solidification at the surface. The 
alternative theory is that ,all solidification curves 
must pass through the origin, and that the effect of 
superheat is to decrease the slope of the D/4/T lines. 
This theory is based on calculations of mould— 
metal interface temperatures, which are stated to be 
below the solidification temperature of the steel. 

Formulae for the calculation of interface tempera- 
tures must be employed with caution. They are 
based on the theory of heat flow, and assumptions 
are made which definitely do not apply under practical 
conditions of pouring steel into a mould. Firstly, 
they suppose an instantaneous assumption of the 
interface temperature, which is not realized in practice. 
Secondly, no account is taken of turbulence during 
pouring, and, thirdly, the possibility of undercooling 
is not considered. 

Practical measurements of interface temperatures 
are difficult, as can be judged from the difference 
in values given by Briggs and Gezelius,? and by 
Chvorinov.!° The former gave a value of approxi- 
mately 1300°C., and the latter gave values ranging 
from approximately 1420 to 1460°C. The highest 
value recorded in the present investigation was 
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Fig. 17—Distribution of temperature in sand above 
and below casting E3. Superheat 90° C. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


1413° C. (see p. 191), but this maximum reading 
was not attained until a time of at least 1 min. had 
elapsed. It was mentioned on p. 187 that } min. 
after pouring casting D8, extrapolation of tempera- 
tures in the liquid gave an interface value of 1482° C. 
The formation of an air gap at the surface would 
complicate temperature measurement, although no 
discontinuity in the interface temperature curves 
was noted to confirm the formation of a gap (Fig. 16). 
In the presence of an air gap, a temperature gradient 
would exist across it so that a measured interface 
temperature might well represent that on the sand 
side of the gap, which would be lower than that on the 
metal side. 

Finally, the results of previous workers in relation 
to the problem of an initial lag in solidification at 
the surface should be mentioned. The pour-out 
results of Briggs and Gezelius,’? Troy,’ and Clark,® on 
sand castings when plotted on the D/,/T basis indicate 
this lag. Yearley, Schauss, and Martin,!? working 
with white iron castings, also stated that there was 
a definite time interval before a surface skin formed. 


INVESTIGATION OF THE EXTRACTION OF HEAT 
THROUGH THE MOULD 

Experimental Procedure 

Four castings, H1-H4, containing approximately 
0-5% of carbon were made, with thermocouples 
having bare tips inserted at points } in. and # in. 
from the sand—metal interface above and below the 
castings, the tips of the couples being in a vertical 
plane through the geometrical centre of the block. 
The accuracy of positioning was considered to be 
to the nearest 0-05 in. All the moulds were skin 
dried, as in the thermal gradient experiments. 

Measurements of sand—metal interface tempera- 
tures were made in casting #5, containing approxi- 
mately 0-5°% of carbon. Three couples were placed 
on the upper interface with their tips 1 in. apart on 
the longitudinal central line, and three on the lower 
interface in corresponding positions. They were 
enclosed in sheaths, as in the thermal gradient experi- 
ments, and the sheaths were placed in grooves at 
the sand surface, so that the couple tips were as 
near level with the interface as could be determined. 


Results 
The temperatures were found to be higher in the 


Table II 


TEMPERATURES IN THE SAND ABOVE AND 
BELOW THE CASTINGS 





Casting | El | E2 | E3 | E4 





Superheat, ° C. 20 20 90 | 100 
Temperatures, °C., 4 min. 
after pouring: 


4 in. below casting 600 | 550 | 630 | 750 


} in, above casting 530 | 500 | 460 | 590 
Difference 70 50 | 170 | 160 
% in. below casting 230 | 260 | 280 
$ in. above casting 150 | 230 | 180 
Difference 80 30 | 100 
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sand below the casting than in that above. A typical 
set of sand heating curves is shown in Fig. 17, and 
Table If shows the temperatures at corresponding 
points above and below the castings 4 min. after 
pouring. 

During the first + to 6 min. after pouring, any 
thermal differences would influence the solidification 
of the blocks, and the figures given in Table II 
show that the thermal differences were sufficiently 
marked during this period to be capable of affecting 
the solidification conditions. 

Typical sand-metal interface temperature curves 
are shown graphically in Fig. 16. The curves show 
an approximately constant value for the interface 
temperature up to approximately 4-5 min. after 
pouring. The liquidus arrest should have been com- 
pleted throughout the casting in approximately 6 
min. Thus, the theoretical conditions for constancy 
of interface temperature throughout the period 
of solidification were not accurately mainta‘ned. 

The maximum readings recorded by the couples 
were : 


Couples 
1 2 3 i 5 6 
Lower interface 
temp., °C. 1413 1413 1399 
Upper interface 
temp., °C. 1358 13938 1388 


The temperature of the lower interface was slightly 
higher than that of the upper. 

The results showed that a greater amount of heat 
was extracted through the lower surface of the mould 
than through the upper, and this agreed with the 
facts that the arrest began and ended more rapidly 
in the lower half of the block, and that the centre 
of freezing was about 0-1 in. above the geometrical 
centre. 

These thermal differences were considered to be 
caused by the manner in which the molten steel flowed 
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Fig. 18—Mechanism of filling sand mould when pouring 
a casting 


into the mould during pouring. The suggested explana- 
tion, illustrated by Fig. 18, is that during pouring, 
there was a considerable amount of turbulence in the 
lower half of the mould, which resulted in the steel 
becoming chilled and the lower sand surface becoming 
preheated. The mould was generally filled to the 
level of the ingate in a time which ranged from 5-7 
sec. Above this level the incoming steel tended to 
float on top of the liquid already present, with less 
turbulence of flow. Although it received a chilling 
effect from the side walls, this was not so pronounced 
as that experienced by the steel entering the lower 
part of the mould. Consequently, when the mould 
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Fig. 


was completely filled, the steel in the upper half 
was hotter than that in the lower, and the arrest 
in the upper half began and ended later than that 
in the lower half, where the initial chilling effect 
caused a greater amount of solidification. 
INVESTIGATION OF SOLIDIFICATION OF TOP- 
CHILLED CASTINGS 

Experimental Procedure 

Two castings, Gl and @2, were made with a steel 
chill 1 in. thick on the upper surface, and cast with 
20° and 50° C. superheat respectively, thermocouples 
being inserted to determine the effect of superheat on 
the solidification. Casting G3 was made with a 
copper chill of the same thickness, to compare the 
chilling effects of copper and steel. To determine 
the effect of chill thickness a series of castings, 
G4-G7, was cast with chills of steel of thickness 
2, 3, , and in. respectively. A low degree of super- 
heat, 20° C., was aimed for, but in some cases it was 
actually only 10° C. 


Results 

The direct cooling curves for couples near a chill 
face showed a constant temperature arrest similar 
to that encountered in the sand castings, although 
the temperature fell away more rapidly at the end 
of the arrest than it did in the sand-cast blocks. 

The straight-line relationship of D/,/T' held right 
to the centre of freezing for solidification from chilled 
surfaces (Fig. 19 shows a typical example). Couples 
were not placed nearer than approximately @ in. 
from the chill, since the duration of the arrest was 
so short for such distances that it was difficult to 
measure very accurately the time of completion. 
Figures 19 and 20 both indicate an apparent initial 
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Table III 
CASTING AND SOLIDIFICATION DATA FOR TOP-CHILLED CASTINGS 
Time of Com- 
Composition Chill Depth of Centre pletion of Arrest , ; 
’ ; Ss heat, f F i M struct f Lower Z f 
Casting " ‘ ‘ Thickness, ay Below Chill, goon acrostruc —_ one 0 
, % , % S n, % in. min. i 
Gl 0-42 0-27 0-54 | 1 (steel) 20 1-80 3-50 Equiaxial. Lower columnar 
zone of half an inch 
G2 0-56 0-29 0-59) 1 = 50 1-80 3-50 x a » (Fig. 5a) 
G3 0-45 0-27 0-53 | 1 (copper) 10 1-75 3-40 Nuclear 
G4 0-51 0-20 0-52 | 2 (steel) 20 1-75 3-40 Equiaxial. Lower columnar 
zone of half an inch 
G5 0-51 0-27 0-49 3 ‘is 10 1-75 3-50 ” ” ”” ” 
G6 0-41 0-24 0-45 | } e 10 1-75 3-40 Unusual. Casting almost 
wholly nuclear (Fig. 56) 
G7 0-46 0-27 0-52/} ,, 10 1-60 3-75 Nuclear 





























lag in freezing at the chill surface, but this feature 
was entirely accounted for by the times taken to 
fill the moulds, since all times were measured from the 
beginning of pouring (as described on p. 188). 

The experimental data for the series of chill castings 
are given in Table III. 

There was no appreciable difference in the times 
of completion of the arrest at the centre of freezing 
of G1 and @2 (1-8 in. below the chill), poured with 
20° and 50° C. superheat respectively. The thermal 
capacity of the chill was apparently sufficiently 
large to accommodate the superheat without affecting 
the time of solidification. 

No significant difference was detected between the 
chilling powers of copper and steel. 

Little increase in chilling power was gained by 
increasing the chill thickness above approximately 
hin. This is illustrated graphically in Fig. 20, which 
shows the depth at which the arrest was completed, 
plotted against the time. The curves for the 2-in. 
and l-in. thick chills were very close, and only the 
one for the 2-in. chill is given. Again, the }-in. and 
jin. chill curves were so close that only the }-in. 
one is given. 

The normal macrostructures of these blocks 
consisted of an upper columnar zone, the crystals 
being of finer structure than in the sand castings, and 
a lower zone of either nuclear crystals, or of equiaxial 
erystals with about } in. of columnar growth from 
the lower surface. In all but one of this series 
of castings, the junction of the upper and lower 
crystal zones corresponded to the centre of freezing 
(Fig. 5a). The exception to the general rule was 
provided by casting G6, whose structure is illustrated 
in Fig. 56. The casting was almost wholly nuclear in 
structure, the only trace of columnar growth being 
a narrow zone about } in. deep and _ situated 
about ? in. below the upper surface. The explanation 
of this structure is dealt with on p. 193, where the 
general theory of the mechanism of solidification 
of horizontal castings is considered. 


DISCUSSION 


Macrostructure of Horizontally Cast Blocks 


In the mechanism of solidification of the blocks, 
the question arises whether the temperature conditions 
exert the prime influence in determining the form of 
the crystal growth from the upper and lower surfaces. 
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The actual rates of solidification from the upper and 
lower surfaces did not appear to differ sufficiently to 
cause a difference in macrostructure solely as an 
effect due to the heat transfer conditions, that is to 
say, columnar growth did not appear to be associated 
with one optimum rate of solidification, and nuclear 
or equiaxial growth with another. A further operative 
factor must be sought to explain the structure. 

From the explanation given for the mechanism 
of filling the mould, the cooler steel in the lower 
half of the casting would certainly show a greater 
tendency for nuclei formation than that in the upper 
half, thus favouring a nuclear or equiaxial structure. 
However, altering the mechanism of filling the mould 
by placing the ingate at the bottom did not alter 
the structure, so that an explanation based on the 
turbulence in the lower part of the mould is not 
satisfactory. 


Gravity Theory 

A theory has been put forward to explain the 
structure? based on the assumption that the first- 
formed crystallites were denser than the remaining 
liquid by reason of the solidification contraction, 
and tended to fall into the lower half of the casting, 
which was thus furnished with an increased number 
of centres from which crystallization could proceed, 
with the formation of a nuclear or equiaxial structure. 

In calculating the rate of fall of solid particles 
of steel through the liquid, the size of the particles 
cannot be determined. Nuclei for crystallization are 
initially of the order of 10-20 at. dia. in size, and 
it must be assumed that they grow into larger particles, 
which may be specified as crystallites, before any 
appreciable settling effect can take place. Assuming 
a crystallite radius of 0-02 mm., a settling velocity 
of approximately 1 in./min. is indicated by calculation 
from Stokes’ Law, taking the specific gravities of 
liquid and solid steel to be 7-0 and 7-5, respectively. 

Direct evidence in favour of the gravity theory 
is difficult to obtain, but it is supported by certain 
indirect evidence. The inversion of a casting during 
solidification caused a corresponding inversion of 
the macrostructure,? columnar crystals growing 
downwards from the new upper surface, with equiaxial 
crystals forming below them ; a phenomenon which 
is readily explainable on the assumption of the gravity 
settling effect. 
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The first-formed crystallites are purer as a result 
of differential solidification, and if the gravity theory 
is true, then this purer material should be found in 
the lower half of the casting. Investigation of the 
chemical compositions of the main crystal zones of 
horizontal castings? has shown that the lower zones of 
the blocks were slightly lower in carbon, sulphur, and 
phosphorus than the upper columnar zones, and had 
correspondingly lower hardness and tensile strength 
values. 

A further attempt to provide fresh evidence for 
the gravity theory was based on the fact that if 
crystallites fell through the liquid, then a solid 
obstruction would prevent this, and would thus alter 
the structure. Two castings were made with a steel 
sheet of 0-05 in. thickness, dividing the mould at a 
level half way up the casting. The single block was 
in effect divided into two horizontal castings, 5 in. 

3 in. xX 1} in., the dividing line being the steel sheet. 

The structures of the two castings were similar, 
and the main features are shown in Fig. 6. The sheet 
had a chilling effect, the extent varying approximately 
from } to } in. as far as could be detected from the 
macrostructure. Chill crystals extended approxi- 
mately } in. above the sheet, and below it a zone 
of chill crystals merged into some columnar growth 
extending approximately } in. downwards ; this effect 
being most probably caused by direct solidification 
from the sheet. The main point of interest was in con- 
nection with the parts of the block unaffected thermally 
by the presence of the sheet. The upper half of the 
block showed a division into an upper columnar and 
a lower nuclear region. If no gravity effect had 
occurred, the structure of the upper half might be 
expected to be almost completely columnar as in the 
normal sand castings, since the thermal conditions 
were similar. 

On the assumption of the gravity settling theory, 
the mechanism of solidification of the castings can 
be considered in more detail as follows: After a 
comparatively thin skin had formed in sand castings 
the temperature of the whole of the interior fell to 
the liquidus, when conditions were theoretically 
favourable to nuclei formation. It was not possible 
for nuclei, initially of the order of 10 to 20 at. dia. in 
size, to grow to crystallite size except just ahead 
of the advancing solidification front. Here, a layer 
of impure liquid of lower melting point existed, 
immediately adjacent to the interface, and beyond 
this, nuclei could grow to form isolated crystallites. 
Diffusion would tend to prevent this impure layer 
from increasing in concentration beyond a certain 
limit, but, nevertheless, this effect could persist 
throughout solidification. The interior of the casting 
was not in a pasty state, since the drained liquid in 
the pour-out tests flowed quite freely. 

The free crystallites formed ahead of the main 
upper solidification front settled downwards, and 
columnar growth could proceed downwards into a 
liquid which was being maintained comparatively 
free from centres of crystallization by the gravity 
effect. On the lower surface the crystallites remained 
in position ahead of the advancing wall, and tended to 
impede columnar growth. 

With a high casting temperature, some initial 
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unimpeded growth could take place from the lower 
and side surfaces before the effect of the crystallites 
ahead of the liquid-solid interface could come into 
operation. With a low casting temperature, the whole 
mass of the casting would fall to the liquidus tempera- 
ture in a shorter time, so that the gravity effect 
could become operative sooner, and thus a greater 
number of crystallites could fall, favouring a fine 
nuclear type of structure, in preference to an equiaxial 
structure which formed when less nuclei were present. 
The actual rates of solidification for varying super- 
heats within the range studied, were approximately 
the same, so that the controlling factor which deter- 
mined the form of crystallization was not the rate of 
solidification, but, rather, the number of centres 
of crystallization present in relation to the rate of 
solidification. 

The abnormality of the structure of the top-chilled 
casting G6 (Fig. 5b) can also be explained on this basis. 
The pouring temperature was low, and probably the 
steel was actually at the arrest temperature before 
pouring was commenced, so that crystallites might 
have begun to form. Thus, throughout the whole 
block there was a marked tendency for the formation 
of a nuclear type of structure. At the upper chill face, 
the initial crystallization was nuclear, and then the 
gravity effect came into operation, allowing columnar 
growth to proceed for a short while. However. 
the accumulation of crystallites ahead of the advancing 
wall soon stopped further columnar growth, and the 
remainder of the casting solidified in nuclear form. 
The large top-chilled castings (Fig. 2c) also showed 
an unusual structure, in which the depth of the upper 
columnar zone was not uniform along the length of 
the block. This may be explained by the fact that 
in these long castings, the metal reaching the closed 
end during pouring would be somewhat cooler than 
that nearer the feeder. The upper chill zone near 
the closed end of top-chilled castings also showed 
a nuclear structure, as distinct from the usual fine 
columnar crystals found nearer the feeder end. At 
the closed end, the greater tendency for nuclear 
growth impeded the downward columnar crystalliza- 
tion to a greater extent than it did nearer the feeder 
end. However, despite the differences in depth of 
the columnar zone along the block, the centre of 
freezing was horizontal. Thus, the distribution of 
centres of crystallization was sufficient to influence 
the form of the crystal growth without affecting 
to any appreciable extent the rates of heat extraction 
at different points along the block. 


CONCLUSIONS 

From the investigation of the solidification of 
carbon steel blocks cast horizontally, the following 
conclusions may be listed. 

(1) The form of the crystal growth differed in 
the upper and lower halves of horizontal sand-cast 
blocks. The upper half consisted of columnar 
crystals, and the lower of nuclear crystals, for super- 
heats below approximately 40° C., and of equiaxial 
crystals for higher superheats. For the higher degrees 
of superheat there was a tendency for some columnar 
growth to occur from the lower surface (to the extent 
of 4-3 in.). 
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(2) The form of the macrostructure did not depend 
upon whether the steel first solidified in the delta or 
in the gamma form. 


(3) Placing chills on the upper or lower surfaces did 
not alter the fundamental difference in structure 
between the upper and lower halves, but the extent 
of the main crystal zones was altered by the action of 
the chills in moving the centre of freezing away from 
the geometrical centre. 


(4) Temperature measurements in solidifying cast- 
ings containing up to 0-8% of carbon showed that, 
although such steels may have a wide solidification 
range as indicated by the equilibrium diagram yet, 
when solidifying in casting form, a large percentage 
of the steel solidified at an approximately constant 
temperature, which was taken as the liquidus for 
solidification under such conditions. 


(5) When a sand casting of 3-in. square section 
was poured, the temperature fell to the liquidus 
throughout the section within a time which did not 
greatly exceed 1 min., even for the higher degrees 
of superheat (up to 120° C.). By this time, the liquidus 
arrest was complete to a depth of approximately 
0-2 to0-5in. from the surface. After this, solidification 
proceeded with no measurable temperature gradient 
in the liquid interior of the casting, the gradient 
between the sand-metal interface and the liquid— 
solid interface being the one of prime importance in 
regard to the rate of solidification. 


(6) When the depth at which the arrest was com- 
plete was plotted against the square root of the time, 
the points lay on two straight lines, representing 
the solidification from the upper surface and lower 
surface respectively. These lines corresponded to 
the results of pour-out experiments on castings with 
the same degree of superheat, and led to the conclusion 
that they represented a stage in solidification when a 
close network of dendritic axes and branches, enclosing 
a relatively small amount of interdendritic liquid, had 
formed. 


(7) The centre of freezing was approximately 0-1 in. 
above the geometrical centre, indicating that a greater 
amount of solidification had taken place from the lower 
surface. This agreed with the fact that the arrest 
began and ended earlier in the lower half of the casting. 


(8) In both sand and chill castings, as a general 
rule, the centre of freezing corresponded to the 
junction of the upper and lower crystal zones, and 
only very occasionally was there a departure from 
this rule. 


(9) Extrapolation of the solidification lines indicated 
an initial lag in the completion of solidification at 
the surface. The main effect of increasing superheat 
was to increase this initial lag, without greatly altering 
the slope of the solidification lines. 


(10) Thermal differences set up when a casting 
was poured, explained why a greater amount of heat 
was extracted through the lower sand face as com- 
pared with the upper, and why the arrest began and 
ended earlier in the lower half of the casting. 
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(11) With chills 1 in. thick against the upper face of 
castings of 3 in. thickness, variation in superheat had 
little effect on the time of solidification ; and there 


was no difference between the chilling powers of 


copper and steel. The chill thickness could be 
decreased to approximately } in. without greatly 
reducing the chilling power. 


(12) That the main factor influencing the macro- 
structures of the castings, both sand and chill cast, 
was the distribution of centres of crystallization 
during solidification, and its relation to the rate 
of solidification. The distribution of these centres 
was determined partly by the temperature conditions, 
and, more particularly, in horizontal castings by 
another effect, considered to be that of the gravity 
settling of crystallites, because their density exceeded 
that of the liquid by reason of the solidification 
contraction. 
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Structural Frames for Melting-Shops 


By J. S. Terrington, B.Sc.(Eng.), A.M.I.C.E., A.M.I.Struct.E. 


SYNOPSIS 


A description is given of melting-shop designs which have been adopted in recent years in various parts 
of the country, and the salient features of these designs are reviewed and commented upon. 

The numerous requirements which must be met in good melting-shop design are examined. It is shown 
that the most suitable building material, the general dimensions of the shop, and a suitable type of construc- 


tion can be determined. 


Ten new designs are proposed, incorporating most of the essential melting-shop requirements. 


The 


designs are purely functional, and the pleasing appearance of some of the schemes is due to good lighting and 


ventilation and unobstructed clear spans. 


Introduction 


HE first Plant Engineering Conference on the 
Design and Layout of Melting-Shops considered : 
(a) Metallurgy and fuel technology in the con- 
struction of furnaces ; (b) mechanical handling in the 
charging of the furnaces and the disposal of the ingots, 
slag, etc., and (c) civil (7.e., constructional) engineering 
in the building of the structure; but the opinions 
expressed there were diverse and did not lead to 
conclusive recommendations. 

As the lavout of melting-shops is to a large extent 
determined by the methods adopted for charging the 
furnaces and handling the ingots, and as these opera- 
tions are still the subject of separate investigation, it 
is not yet possible to plan the most desirable schemes 
for the layout of melting-shops, nor yet to deduce 
the correct cross-section on the basis of the plant to 
be housed. This investigation has therefore been 


confined to the consideration of the best form of 


construction for the envelope of a melting-shop 
building to suit the best average modern practice in 
steelmaking. 

The envelope, which is the smallest rectangular- 
shaped shell sufficient to cover the plant and the 
arrangements for materials handling, should first be 
developed and moulded to suit the plant ; and only 
after this has been ascertained should modifications 
in the envelope be introduced with the object of 
simplifying or cheapening the structure. In general, 
the functional requirements of melting-shops have 
previously received little attention, and one object 
of this paper is to state these requirements as compre- 
hensively as possible and to suggest suitable forms 
of construction. 

SURVEY OF EXISTING DESIGNS 

To obtain direct information of existing conditions, 
visits were made to those works which have the most 
recently built melting-shops. The comparison of the 
cross-sections and plans of thirteen representative 
existing shops and six new schemes, reproduced 
(Fig. 1) in the form of outline sketches to a uniform 
scale, together with their leading cross-sectional 
dimensions (Table I), shows that there is some degree 
of variation depending, among other things, on local 
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conditions, capacity of furnaces, type of charger, 
nature of process (whether hot or cold), and so on. 

Cost—No figures have been obtained for the relativ: 
cost of frameworks for existing buildings as it would 
be difficult to reduce such figures to a common basis 
since the various buildings were erected at different 
periods. There is little doubt that at the time each 
shop was built the cost of construction was a minimum 
While the question of minimum cost is invariably th 
ruling factor, it should be considered whether there 
could still have been a saving on the quantity of 
material, or whether a more pleasing form of con- 
struction could have been obtained without the uss 
of more material. 

Form of Construction—The most usual type of 
design is a double-pitched roof truss, either spanning 
each bay or spanning two bays, with central supports 
Invariably the well-known lattice-braced triangulated 
truss construction is used for the roof, supported on 
braced stanchions comprising roof and crane legs up 
to crane yvirder level, and roof stanchions continuing 
to the eaves. 

Cross-sectional resistance to lateral forces due ti 
wind and to crane surge is generally obtained by 
fixity at the junction of the stanchions and the con 
crete base, there being little or no continuity betwee: 
trusses and stanchions. Longitudinal resistance to 
horizontal forces due to wind and to crane braking 
and acceleration is usually obtained by bracing it 
the plane of the stanchions, or in some cases by fixity 
at the base of the stanchions. 

Orthodox construction is illustrated in Figs. 2 and 
3, which show the form of roof truss which so far has 
been generally employed for roots, particularly for 
shed-type buildings. While the cost and weight ot 
material in this type of construction may be moder- 
ately economical, there are objections which may be 
avoided with continuous rigid frames. In the latter 
type of construction there is less risk of the stanchions 
being racked by surge, and the crane tracks are 
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SECTION A-A 
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therefore more likely to remain in alignment. There 
is also better rigidity throughout, beth longitudinally 
and laterally, than in the nominally pin-jointed 
construction of the orthodox roof truss, particularly 
at its junction with the supporting stanchions. As is 
explained later, p. 206, if the various sections through- 
out the bent are as continuous as possible, then any 
tendency to overstress at one section can be trans- 
ferred to other sections. 

Accessibility for Maintenance—With an industrial 
building of the nature of a melting-shop the facilities 
for maintenance are an important consideration. 
Orthodox construction, with the old type of roof 
trusses and lattice stanchions, is usually uneconomical 
to maintain, and does not present the most pleasing 
appearance. 

Lighting, Ventilation, and Dust Extraction—A 
noticeable feature of most existing melting-shops is 
the poor degree of both natural and artificial lighting 
provided. The glazing is for the most part ineffective, 
and the lighting points, suspended from the roof, 
cannot be arranged low enough, because of crane 
clearance, to provide a useful intensity of illumination 
on the stage or floor. Invariably, too, such artificial 
lighting as there is has to be vsed throughout the 
day and night. There is need for considerable improve- 
ment in the provision of natural and artificial lighting. 
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. In general, there is little or no mechanical ventila- 
tion in existing melting-shops. Natural ventilation 
| through louvres and jack roofs and, indeed, through 

ni ‘hit and miss’ side sheeting, is usually relied upon. 
Fans have sometimes been introduced in the roof or 
walls but this was largely due to the more confined 
conditions occasioned by black-out regulations during 
the war. There is less possibility for the dissipation 
of heat in the valve pit, and here extract fans have 
more frequently been used. 

No specific methods of dust extraction are em- 
ployed in melting-shops. Especially where the 
dolomite is crushed and where the fettling materials 
are handled there is scope for adequate and efficient 
dust control. 

The necessity for mechanical ventilation and dust 
extraction in melting-shops merits still further 
investigation. 

Appearance—The matter of external appearance 
has so far received little attention. The double- 
pitched roofs running the length of the shops, usually 
with jack roofs at the apex for ventilation, have all 
the aspects of a shed without any break in the external 
lines. Moreover, the apex over each span causes the 
roof to have a high rise, and this produces a gaunt 
exterior, enhanced in the cases where there is one 
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The internal appearance of existing structures, 
employing the usual type of double-pitched roof truss 
comprising a multitude of light bracing members 
arranged over the whole depth between the eaves 
and the apex, leaves room for improvement. This 
has been ably expressed by Professor Sir Charles 
Inglis* when he said that a “ triangulated girder is 
not in general susceptible to artistic treatment . . . 
the duty performed by the top and bottom chords in 
resisting bending is obvious but the purpose of the 
web members pointing in all directions is not equally 
clear. They give the impression of internal strife, a 
pushing and pulling between adjacent members, and 
the impression is not far wrong.” In general, cross- 
bracing, while being an efficient method of obtaining 
rigidity, is often unsightly and tends to impair the 
available clear space. 

In melting-shop design the question of size depends 
on the general amenities for working conditions, on 
the size of plant to be installed, and on the operations 
to be performed. 

The earlier buildings were undoubtedly too small 
for comfortable working but this has been remedied 
in the buildings erected in more recent years. 


REQUIREMENTS OF MELTING-SHOPS 


Building-structures to house open-hearth steel 
furnaces and their ancillary plant are both exacting 
and wide in their range of functional requirements. 
These will be reviewed here in broad outline, but will 
be examined in more detail in a later section where 
reasons for the selection of the building materials are 
discussed. 

Melting-shops appear to have been regarded hitherto 
as semi-temporary buildings, and while it is imprac- 
ticable to forecast future developments in production 
technique, it is felt that consideration should be given 
to construction which, with adequate maintenance, 
will be reasonably permanent. 

Costs—The capital and maintenance costs must be 
kept as low as possible, but have to be carefully 
balanced. For example, for multi-storey buildings, 
reinforced concrete is often cheaper than structural 
steel framing, both in capital cost and maintenance. 
For single-storey buildings, however, such as melting- 
shops, structural steel framing is usually cheaper to 
erect, and in spite of the higher maintenance costs, is 
more suitable for many reasons. 

Although this paper does not cover in any detail 
the nature of the roof and wall cladding, or the glazing, 
any consideration of maintenance costs must include 
the type of wall and roof sheeting adopted and the 
type, arrangement, and accessibility of the glazing. 

Appearance—The structure, both externally and 
internally, should be attractive in form and colour, 
since it is now generally agreed that better working 
conditions are conducive to a higher output and have, 
indirectly, appreciable commercial value. In addition 
to considerations of appearance and amenities, the 
construction of the building, based on the envelope, 





* Professor Sir Charles Inglis, O.B.E., M.A., LL.D., 
F.R.S., M.I.C.E., ‘A Record of Six Lectures—The 
Aesthetic Aspect of Civil Engineering Design,”’ p. 53; 
The Institution of Civil Engineers, 1945. 
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must be arranged with the object of facilitating 
production to the fullest extent. 

Erection—An essential feature of whatever form of 
construction is selected for the superstructure is speed 
of erection, and this is further emphasized by the 
length of time first required to build the complex 
foundations for the furnaces, checkers, flues, and 
chimneys. 

In some instances it may be desirable for the type 
of design to allow the furnace bay to be erected in 
advance of the casting bay. As, however, the useful 
life of the building may be of the order of 50 years, 
the design should not be dictated by the desire to 
erect one part separately in advance of the other 
parts by only a few weeks. In general, the practica- 
bility of manufacture should not be lost sight of, but 
this aspect should not be allowed to limit the scope 
of future design. 

Disposal of Roof Drainage—Rainwater should 
preferably not be allowed to discharge between the 
furnace and casting bays because foundations, flues, 
and checkers obstruct the run of pipes under the floor. 
Rainwater should therefore be carried to the outer 
walls before being discharged into the drainage 
system. On the other hand, it may be possible to 
pass drains under the floor and across the bays at 
wide intervals, for example, at columns between the 
bays, i.e., at approx. 120-ft. centres. 

It is axiomatic that the risk of rainwater over- 
flowing the gutters and falling into the bays and on to 
the furnaces should be eliminated. It is therefore gen- 
erally desirable that gutters should not pass directly 
over the furnaces. In any case, gutters should be 
regularly cleaned and painted, and they should be of 
adequate width and depth to discharge stormwater 
and should form, in themselves, walkways for access. 

It is still a debatable point whether valley gutters, 
arranged transversely across the shop, should be per- 
mitted or eliminated altogether, even though they 
may not be situated directly over the furnaces. 

Provision for Rail Traffic or Handling of other Mater- 
ials—The distance between the stanchions on the line 
between the furnace bay and casting bay must be of 
the order of 120 ft. to take the furnaces. 

On the other lines, the stanchions are usually at 
closer centres than 120 ft., and are shown at some 
submultiple such as 40 ft. or 60 ft. in the proposed 
designs. The stanchion spacing on these lines can, 
however, be widened out. For example, it may be 
desirable to place the stanchions in the outer wall of 
the casting bay at about 120-ft. centres to enable 
rail traffic to pass into an adjacent bay, e.g., into an 
ingot-stripping or a mill-furnace bay. Similarly the 
stanchions between the loading bay and furnace bay 
may require to be widened to provide sufficient space 
for the standage of boxes and for the manceuvring of 
chargers where these are of the rotating type. 

Walkways—The provision of walkways extending 
the whole length of the building is desirable, to enable 
maintenance staff to clean and paint the structure. 
Similar suitably guarded walkways are also required 
to provide access at all points to the bridges of the 
overhead travelling cranes. If considered desirable 
these walkways may pass through access openings in 
the main transverse frames of the structure, but this 
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may entail extra width across the whole of the 
building, with corresponding extra cost. 

Walkways, to provide access to the roof for general 
roof and gutter maintenance, cleaning, and repairs, 
are also required. 

Where access walkways might be required inside 
the building for cleaning glazing, they would, in 
many cases, obstruct the daylight. As an alternative, 
runways for carrying cleaning cradles are suggested. 

Cranes—Provision has to be made for the main- 
tenance of the production (e.g., ladle, ingot, or magnet) 
cranes by incorporating in the structure such devices 
as lifting beams or transverse runways to enable 
lifting tackle to be used. 

Where auxiliary production cranes at high level 
are installed, for example in the casting bay, it may 
be possible to use these for servicing the larger cranes 
at the lower level. 

The provision of auxiliary cranes at high level is 
determined by production requirements, and in shops 
where it has been decided that they shall be installed, 
the design of the structural frame must be arranged 
to include them. The proposed type designs put 
forward later in this paper should be modified for 
this purpose by increasing the roof heights. 


Furnace Maintenance—It is not the intention of 


this paper to arrive at required envelopes since only 
the design and construction of the structural frame 
are under consideration. However, one particularly 
important aspect in determining the envelope is the 
provision of facilities for the’ rapid dismantling 
and rebuilding of the furnaces. One example of this 
is the provision of a separate bay for the furnaces, 
so that service cranes, entirely independent of the 
production cranes, may be used for handling refractory 
and other materials required for the furnaces. This 
feature is illustrated in Type XI design, Fig. 20. 

Crane Leads—The correct arrangement of the 
down-shop leads for cranes is an important considera- 
tion. They should preferably be fixed in duplicate 
(on each side of the bay) on the roof structure, out 
of the way of ordinary maintenance staff, and in 
accordance with the B.I.8.R.A. recommendation for 
Long Travel Conductors.* 

Lighting—Natural lighting at floor level should be 
adequate and as evenly distributed as possible. 
Glazing should not be placed directly over the furnaces 
and in the adjoining casting bay where ladles are 
being filled, owing to the intense heat. The glazing 
should be vertical, or as nearly vertical as possible, 
so that it can be quickly cleaned on both sides, and 
it should be so arranged that replacement in the event 
of breakage is easily practicable. Asa safety measure, 
consideration should be given to the use of wired glass 
or of plastic. 

Artificial lighting should provide an evenly distri- 
buted intensity at floor level and should be as nearly 
as possible equal to daylight. The quality of the 
lighting should also resemble daylight without the 


peculiar colouring associated with certain kinds of 


lamps, é.g., mercury vapour. 

* Specification for Heavy Duty Electric Overhead 
Travelling Cranes for Use in Iron and Steel Works, 
Special Report No. 43. The Iron and Steel Institute. 
(In the press.) 
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Ventilation and Dust Extraction—Although this 
paper is primarily devoted to the design of structural 
frames, the question of ventilation must be con- 
sidered in so far as it affects the selection of the form 
of structure. For example, although considerable 
space can be saved above crane level by adopting a 
modern type of framed building, it should be remem- 
bered that some authorities consider a reasonably 
large roof volume desirable for natural ventilation 
in melting-shops. Whether ventilation is natural 
or artificial, the ventilators must be located directly 
over the source of heat and fumes, or deterioration 
by corrosion may result to cranes and structure. 

Until further evidence is forthcoming it is con- 
sidered that large and well-designed jack roofs, with 
adequate openings and protection from driving rain, 
will provide efficient ventilation without the use of 
mechanical extraction fans ; however, as an alternative, 
large-sized variable openings in the roof may be 
sufficient. The best method of securing adequate 
ventilation in melting-shops still needs to be found 
and the subject may well be worth an investi- 
gation which will not be biased in favour of any 
particular commercial system. The utmost use of 
natural ventilation should particularly be ensured. 

Dust control is intimately associated with the 
problem of adequate ventilation. One of the major 
sources of dust would be eliminated if the crushing of 
lime and dolomite could be done in a separate build- 
ing, preferably away from the melting-shop. 

Acoustics—The materials and form of construction 
must not permit undue resonance. The construction 
should tend to damp sounds rather than magnify 
them, so that there is a minimum of noise from cranes 
and furnaces. 

Heat Insulation—The framing must be so arranged 
that it can be adequately heat insulated, where 
necessary, to avoid injury due to heat emitted from 
furnaces, checkers, and flues. Insulation should also 
be taken into account to obtain optimum working 
conditions inside the melting-shop. 

Nature of the Loading on the Structure—The loads 
to be carried on the framing of the superstructure are : 

(a) A comparatively light-weight weather cover- 
ing 

(6) Loads both vertical and horizontal imposed 
by E.0O.T. cranes ranging up to those with the 
highest capacities in existence 

(c) Snow load and wind pressures (B.S. 449 pro- 
vides a useful guide). 

Construction Material and Form of Construction 
Selected for the Framing—The nature of the con- 
structional material and form of construction must : 

(a) Allow the superstructure to follow the re- 
quired envelope as closely as possible 

(b) Allow the floor space to be utilized as econo- 
mically as possible. The scantlings of the columns 
must therefore have the smallest cross-sectional 
area possible 

(c) Permit the dead weight of the roof to be as 
light as possible, to avoid carrying unnecessary 
weight. In this connection, it is worth noting that 
if the roof is pitched at some angle greater than 
16°, the design load may be lightened in accordance 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





206 


with B.S. 449, and the roof will also be as far as 
possible self-cleaning 
(d) Allow the roof areas to be unobstructed by 
lattice framing or cross-bracing so that the glazing 
may be fully effective in the provision of good 
natural lighting 
(e) Have ample rigidity to maintain the correct 
span and alignment of the crane rails and to resist 
distortion due to wind and to the action of forces 
exerted by E.O.T. cranes, including all vibration, 
hauling of loads, acceleration and braking, and 
impact of wheel loads 
(f) Be otf such a nature that it does not tend to 
become brittle or disintegrate under the action of 
continued moderate heat and fumes, suitable insu- 
lation from furnaces being provided where necessary 
(g) Be resistant to moderately wide ranges of 
temperature, caused by heat from the furnaces or 
by severe weather conditions 
(hk) Be adaptable to enable minor additions or 
modifications to be made rapidly at any time. 
Constructional Material and Form of Construction 
Selected for the Foundations—The form of the founda- 
tions, while being dependent to a large extent on local 
site conditions, must be so arranged 
(a) That they avoid the extensive ramifications 
of furnace foundations, flues, and checkers 
(b) That they avoid, if possible, the use of tie- 
beams below ground, because such beams are liable 
to interfere with foundations to plant which may 
have to be added or revised at a later date, and also 
because they may easily be fractured, particularly 
if they are light in section, by heavy weights such 
as moulds or ingots which may be dropped on the 
floor. 


SELECTION OF TYPE OF CONSTRUCTION 


As the building is of single-storey construction, it 
is only necessary to provide a light but durable 
covering on the most economical framework, which, 
below crane level, must be strengthened sufficiently 
to support the cranes. 

Of the principal forms of construction, viz., struc- 
tural steel, reinforced concrete, light alloys, and 
timber, structural steel is the most suitable. The 
reasons for this selection are as follows : 

(i) Structural steel is cheapest because the dead 
weight of the roof covering and that of the members 
themselves is, excluding light alloy, a minimum. 

(ii) The use of extruded sections in light alu- 
minium alloys is now being widely adopted for 
certain light forms of construction, but in view of 
the low temperature at which light alloy loses its 
elastic properties (for light alloys the yield stress 
at 200°C. is about 50% of the value at room 
temperature, in contrast with 80% for steel) and 
because of the fire risk, light alloy is not considered 
satisfactory for the framework of melting-shops. 

(iii) Structural steel, properly maintained, has 
proved well able to last the usual lifetime spanned 
by one technique. It is true that steel should be 
painted periodically, in contrast with reinforced 
concrete which basically does not require painting, 
but which does require cleaning if only on the 
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score of appearance and hygiene. Owing to the 

constant warmth from the furnaces, it has been 

unnecessary, in many shops, to paint the steelwork 
periodically solely to prevent corrosion. 

(iv) Once the scheme is approved for building, 
rapid erection is essential, and the use of steel 
permits this. Moreover at any later date steel is 
readily adapted for modifications, whereas it is 
more difficult to fasten cables or plant to reinforced 
concrete, or to remove them, if provision has not 
already been made. 

(v) All the requirements for melting-shops 
described in the previous section of this paper can 
be met most readily by the use of structural steel. 
For example, light steel framing can easily be made 
to follow the envelope of the building (see Intro- 
duction) ; the stanchions will have a minimum cross- 
section ; the scantlings of the roof members will be 
light in weight and permit unobstructed natural 
lighting ; light-weight pitched roofs can be utilized ; 
artificial lighting suitably arranged can be un- 
obstructed ; any form of ventilation, either natural 
or mechanical, can easily be provided ; and light 
walkways can be arranged where desired for access 
to cranes and other plant. This cannot be done 
so well with reinforced concrete. 

In the case of long spans where the dead weight is 
of great importance, the use of high-tensile steel may 
show a saving in spite of its extra unit cost, but one 
controlling factor will be the minimum thickness 
required to allow for corrosion, and the greatest care 
will be necessary in judging the relative merits of 
high-tensile steel and mild steel. 

As structural steel has hitherto invariably been 
employed for the structural frames of melting-shops, 
it might appear that there is no necessity for further 
comment. It is, however, in the field of type of design 
in which there still appears to be further scope, and 
particularly in the development of continuous welded 
structures, as amplified below. 


General Remarks on Continuous Portals and Welded 
Structures 


Fundamentally, a continuous portal is a structure 
in which every constituent part is continuously con- 
nected with its neighbouring members to form a 
single monolithic structure. The effect of this con- 
tinuity is that members no longer work only in pure 
tension or in pure compression as in the older type 
of structure, but are capable of sustaining and trans- 
mitting forces normal as well as parallel to their axis 
of symmetry. Thus every member in a continuous 
structure is capable of resisting bending as well as 
tension and compression. Moreover, any incidental 
bending due to an external or accidental force acting 
upon any part of the structure is transmitted through 
rigid connections to the neighbouring members of the 
structure, which in turn impose restraint on any 
deformation or distortion. 

A building designed on modern lines making full 
use of continuity will therefore resemble a three- 
dimensional rigid grid affording strong resistance to 
deformation. In addition, the better use of the 
material gives an economical structure of simple 
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design, devoid of obstructions such as tie-bars, capable 
of easy maintenance, and of pleasing appearance. 

There is little doubt of the advantages of continuous 
portal design for buildings such as often occur in the 
iron and steel industry. However, it is only fair to 
mention that the design of continuous structures is 
somewhat involved, and the necessary mathematical 
computations are considerably more complex than 
those required for the design of the older and more 
conventional type of truss. It is perhaps this diffi- 
culty which is responsible for the relatively slow 
progress made in adopting new methods of design in 
the industry. Proposed designs for further considera- 
tion are given and discussed in a later section. 

In this new type of construction it is essential to 
ensure that good continuity is obtained between the 
members of the structure, and a reliable method for 
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the peak bending moment induced by a point load 
in the centre of the span. Where spacings of 60 ft. 
have been used, these have been arranged with a 
similar object. 


Holding Bay 

The holding bay is designed to accommodate four 
sets of tracks with the customary 6-ft. way between 
outer edges. This gives a total width between the 
stanchions of 51 ft. 6 in., or of 60 ft. between the 
centre-lines (see Fig. 4). 

It is not absolutely necessary to provide a crane 
in this bay and therefore there is no rea] criterion for 
fixing the height of the holding bay. In these circum- 
stances a height of 60 ft. has been taken, being the 
average height of four of the latest British melting- 
shops using the stage-loading system. 
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Fig. 4—_Width of holding bay 


this is the use of electric-arc welding. In recent years 
much research, both theoretical and practical, has 
been carried out on electric-arec welding and welded 
structures, and the results obtained in this country 
and abroad prove the soundness of the method. 


SELECTION OF DIMENSIONS 

In order to compare the various designs which are 
put forward in the next section it has been found 
necessary to determine some standard dimensions. 
An attempt has therefore been made to arrive at 
some figures for the dimensions, starting from first 
principles. No attempt has been made to go deeply 
into the various complex factors which determine the 
size of the melting-shop. Investigations are at 
present proceeding into the questions of charging and 
casting, and their results may influence the dimensions 
which have been deduced. 

As a basis for design, a furnace of 200 tons capacity 
has been assumed and the envelope of the structure 
has been built around it. Where furnaces or other 
plant of different dimensions are to be installed, the 
dimensions of the building can be modified corre- 
spondingly. 

It is important to appreciate that the values of the 
dimensions arrived at are purely arbitrary and may 
be varied to suit any particular condition. These 
values are only used to illustrate the designs. 

Spacing of Columns—A column spacing of 120 ft., 
which is considered satisfactory for a 200-ton furnace 
and for a mixer feeding such furnaces, has been taken 
for the columns between the furnace and casting 
bays. The spacing of the other columns in the shop 
has mostly been made 40 ft., which is a convenient 
submultiple of 120 ft., and ensures that any main 
girder spanning the 120-ft. spaces carries the cross- 
beams from the roof at third points, thus avoiding 
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Loading Bay 

A figure of 85 ft. has been taken for the width of 
the loading bay, allowing for four parallel tracks and 
a space of some 25 ft. for box filling on the floor. 

A clear height of 60 ft. has been arrived at as 
shown in Fig. 5. A greater height than this would 
mean that the magnet has a greater tendency to 
swing and that the crane operator would be furthe: 
away from his work. 


Furnace or Charging Bay 
Height—The stage level depends on : 
(a) The clearance required in the valve pit 
(6) The necessity of ensuring that the slag 
pockets are above the level of the casting bay to 
facilitate easy removal of the slag 
(c) The size of the tapping ladle. 
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Fig. 5—Height and width of loading bay 
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Fig. 6—Height of furnace bay 


Obviously a very high stage would meet all these 
requirements, but such a stage would necessitate a 
great expenditure of effort in lifting all the various 
materials on to it, and a height. of 22 ft. has there- 
fore been taken. 


The clearance from the stage to the under side of 


the crane may be determined from : 
(a) The height required to clear the charging 
machine 
(b) The height required to lift and pour from a 
hot-metal ladle. 

A clearance of 36 ft. has been assumed as repre- 
senting an average condition. Thus, allowing a crane 
depth of 10 ft. and a clearance, crane to roof, of 12 ft., 
a total height of 58 ft. from the stage to the roof is 
arrived at. This gives a total height of 80 ft. for 
the furnace bay (Fig. 6). 

Width (Stage Loading)—A 200-ton furnace with a 
width of 25 ft. has been assumed as the maximum size 
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which will be operated in this country. Of this width 
it has further been assumed that 23 ft. will be in 
the furnace bay and 2 ft. will protrude into the casting 
bay. The total width of the bay is 85 ft., built up 
as shown in Fig. 7 

If the shop is to be designed as a cold-metal shop, 
then the allowance for a transfer car can be neglected 
and the required width is 70 ft. 

Width (Bench Loading)—A length of 25 ft. for arm 
and pan has been assumed for a rotating charger 
feeding a 25-ft. wide furnace. It has been assumed 
that the most economical system is one in which the 
charger has a minimum lateral movement, and this 
will give a width from the edge of the furnace to the 
edge of the bench of twice 25 ft. = 50 ft. (see Fig. 8). 
Allowing a clearance of 3 ft. between the end of the 
pan and the furnace, with a pan length of 6 ft., gives 
a total width from the inner edge of the bench to the 
centre-line of the stanchions of 70 ft. 


Casting Bay 

The width of the casting bay depends upon a very 
large number of factors, e.g., the number of running 
lines required, the size of the ladle, and the type of 
casting. As figures are not available for all these 
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Fig. 8—Width of furnace bay (bench loading) 
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separate factors, it has been decided to take the 
average width of the new shops listed in Table I, 
which is 80 ft. 

From the most: modern practice it appears that a 
height of 15 ft. is sufficient allowance for a mould 
standing upon a bogie. A further height of 30 ft. is 
quite sufficient for the ladle and lifting hooks, while 
a crane depth of 12 ft. is considered satisfactory for 
the heavy crane required. A clearance from the 
crane to the roof of 13 ft. has also been taken, giving 
a total height of 70 ft. (see Fig. 9). 

For purposes of symmetry, however, the height of 
the casting bay has been made the same as the furnace 
bay, namely, 80 ft. This increase in height will 
enable a light all-duty crane to be provided if required. 
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SUGGESTED TYPES OF DESIGN 

In this section are described, and Figs. 10 to 20 
illustrate, ten three-bay and one four-bay schemes 
which merit consideration. Some of the ideas in 
themselves are not new, but they would be an innova- 
tion in the iron and steel industry, departing from 
the conventional root truss. In addition to the 
question of cost, the merits of new schemes should 
be assessed on their technical quality, and it is for 
this reason that the proposed designs are put forward. 
As welding facilitates the production of rigid and 
continuous frames, its use has been widely adopted 
in all these proposals. 

The scope of this paper is to put forward ideas for 
types of designs, and it has not been possible at this 
stage to consider problems which must be solved for 
the complete design of the structure. For example, 
in this class of building it is important that the design 
should provide adequate resistance to longitudinal 
racking, and yet at the same time provide suitable 
allowance for expansion. To achieve this, it may be 
advantageous to group the furnaces in batteries, so 
that braced bays can be introduced between them, 
with the expansion joints arranged between the braced 
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bays. It has to be decided whether to place the 
rigid bays at the centre, allowing expansion outwards 
in each direction, or at the ends, allowing an expansion 
joint at the centre of the shop. The nature of the 
braced bays has also to be decided ; whether they 
should have diagonal bracing members, or whether 
they should be of rigid portal design, fixed only at 
the top joints or fixed at both top and bottom joints. 
A suitable type of connection must be provided at 
the bearing of the crane girders on the stanchions to 
enable the crane girders to expand. 

All parts of the structure must be used to the utmost 
advantage, so that main members should, if possible, 
be used as walkways where these are required, or 
alternatively the walkways should be so arranged 
that they carry stress. This applies particularly where 
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glazing occurs, as, in general, the steelwork should 
not be allowed to mask the glazing. In the designs 
suggested, obscuration of light due to walkways has 
been minimized by the use of cradles on runway joists. 

The provision of walkways, suitably guarded with 
handrails, at crane-girder level may be difficult 
owing to the differential deflection of the 120-ft. crane 
girders. So far as the proposed designs are concerned, 
these are provided with access for the walkways 
through the roof frames by forming holes, say 1 ft. 6 in. 
wide, in the ribs. This provision, however, may 
necessitate extra width for the whoie of the shop. 

The requirements for melting-shops already re- 
viewed are mostly incorporated in the schemes now 
proposed, so that only a brief description of the salient 
features of each design will be given. In all types, 
the production crane girders are constant-depth con- 
tinuous plate girders. 


Type I (Fig. 10) 

In this type, the arched vault or barrel form of 
construction consists of a series of arch ribs spanning 
longitudinally over the length of the shop and sup- 
ported on portal frames arranged transversely across 
the shop at 120-ft. centres. This vaulted roof should 
present a very pleasing effect. The arch ribs forming 
the vaults are at 20-ft. centres, allowing channel 
purlins, which have an economical section, to span 
between them. 

The crane gantry girders over the furnaces span 
the 120-ft. intervals between the transverse portal 
frames, which provide lateral rigidity by their con- 
tinuity and rigidity. 

The transverse valley gutters are formed over the 
portal frames so that they occur between the furnaces. 
The risk of rainwater percolating to the furnaces is 
therefore eliminated. 

An alternative outline for the arch ribs, comprising 
straight segments in lieu of curved ribs is also shown ; 
one advantage of this alternative is the mansard-type 
glazing. 


Type II (Fig. 11) 

This design is a variation of the vaulted or barrel 
type of construction used in Type I. The effect will, 
it is considered, be attractive and enhanced by the 
arrangement of the curved glazing. 

In this scheme, some degree of symmetry in the 
arch ribs is necessary, and so the height of the loading 
bay has been increased to conform with the furnace 
and casting bays. 

To attain a suitable balance between the size of 
the purlins and arch ribs, the ribs have been arranged 
at 40-ft. centres. The main vault is supported on the 
two lines of inner columns ; between the loading and 
furnace bays the arch ribs bear directly on the 
columns ; and between the furnace bay and casting 
bay a continuous lattice girder spans the furnaces. 
This assists the lateral rigidity of the roof and also 
minimizes the sections required for the arch ribs— 
as distinct from an arch sheet spanning the three 
bays in one span. 

Lateral rigidity is afforded by fixity at the junction 
of the columns and the concrete base, and also by the 
rigidity of the transverse arch ribs. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


F 





soulvdy [v140d asidAsuvl) UO pajioddns ‘joo1 poyoie uvds-[euspnzysuo] jo usisep pesodoig—Ool “Sty 


FEBRUARY, 1950 


| AdAL 


Ol = A AW ONIDWdS NWOAT0D 
(ONIDVdS ANZINSANOD YSHLO YO) OF = Z BX 'M iv ONIDVdS NWOI09 


9-2 NOLS 





oo 





Be 


AWM sAvMyNIWM SAVMW1WM 4 








ee ee a 2 i 


- 
Y-V NOILD3S 3AILYVNY3SLIV V-V NOiLD3S 8-8 NOILI3S 
= 


Ava ONlisv? v AV@ J oVNUNS Ave SsNiagvoy 


= O-,0ce —— —— —~— 0-04 eaters, aa od -$8 commen: | 








| 
| } 
ihe 








O-0e1 


STRUCTURAL FRAMES FOR MELTING-SHOPS 


rT 
& 
L 
° 
xe) 
4 






































TERRINGTON : 











——— = = 


UsaCwID AMANVSD SNVYD 








a | = 
oa v l Ree Y | : jJowis 
| | 4 SNOIHINWIS HONOWHL 
CTT HOM oT | pn 
































S31IOVYD ONINVSND 
wOd SASIOL AVMANNS 








' : 
S310vV¥> DNINVETD ' . 
vos SisiOr AYVMNOY i 
s2 ” T Te a = r -_——- 
! - “| ONIZwI19 I r “— ; 
’ ONILB3HS 
' 


— 1 
v 
AINO S3Y4N3D 44 021 Av SaWVvEs IWidice 





SNIZVI9 





ONIZVI9 





QNIL33HS 
ONILS3SHS 


JOURNALQOF§THE IRON AND STEEL INSTITUTE 


210 






mM 


STRUCTURAL FRAMES FOR MELTING-SHOPS 


TERRINGTON : 


S19psIS BNI] SNONUPUOD [eUIpNIFsuOC], UO pazzoddns ‘sArq 39414) 19AO JOO payoie uRds-as19AsURA) JO USJsep poasodorg—t{I “S14 


8-8 NOILD3S 





cai ,0- Or -j—— 0 OF -e}- 0 OF Tae .0- OF -e+e O- OF H— 0-OF ~ 


‘=< aon ee: — a 








V-V NOILO]SS 


AdAL 


IWNY3LX3 





™“ 
=. 
Ss > 
ee. S \ 
y ‘ 
— : SS - ~~ a 


I= NOMISS 





















































. eae. | eet = o vo “al yt oagaiae - ee eo : —— ee, = 
l | 
at sieil gee SNOININWIE HONOSHs 
a | | | fn 
MUTT TTT sve a 





? 





| 
1 
: BaawIs = ABiNWD 3aNnvao—” | 
H 


JOYNIVeEG 4008 Biviltiows tig 
Ot SYOLVUNANZA ANSBLAINBSBLNI - GLON 








AVANT 
Oninwayd 





s2700vE> 








SNIZv19 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


FEBRUARY, 1950 





¥r* 


212 


Rainwater can run off directly to the eaves gutters 
without passing through transverse valley gutters. 


Type III (Fig. 12) 

This design is similar to Type II except that the 
ribs are formed in straight segments, the principal 
object being to obtain mansard-type glazing. 


Type IV (Fig. 13) 

This design has as its basis a series of articulated 
portal frames which span the furnace and casting 
bays, together with a lean-to portal covering the 
loading bay, and it should present an attractive 
appearance. 

The mansard-type glazing is comparable with the 
arrangement adopted in Type III and is well disposed. 

The transverse portal frames at 40-ft. centres allow 
channel purlins, having an economical section, to span 
between them. 

Lateral rigidity is afforded by fixity at the stanchion 
bases and by the degree of rigidity in the portal 
frames. 

Rainwater can pass directly to the eaves gutters. 


Type V (Fig. 14) 

The 60-ft. span segmental rigid frames provide 
glazing in the vertical portions, and sheeting on the 
1/5 slopes. These rigid frames are supported on 
transverse portal frames at 60-ft. centres which span 
the loading, furnace, and casting bays. These main 
transverse portal frames are continuous across the 
three bays, and are supported, on the line of columns 
between the furnace and casting bay, by a continuous 
longitudinal roof girder spanning the 120-ft. intervals 
between the main stanchions. 

The salient feature of this scheme is the clean 
appearance of the rigid portal frames and the seg- 
mental roof frames which, like the main frames, are 
rolled or built-up plate sections as opposed to lattice 
construction. 

The transverse vertical glazing will provide good 
illumination and will be easily accessible for cleaning. 

Lateral rigidity is well provided for by the stiffness 
of the rigid frames. 

In order to obviate the risk of rainwater percolating 
on to the furnaces, the 60-ft. span segmental rigid 
roof frames are arranged so that the transverse valley 
gutters are, as far as practicable, not directly over 
the furnaces. This also avoids the roof reaction from 
the main portal frames being situated at the centre 
of the longitudinal roof beam, so producing a high 
peak bending moment. The gutters themselves are 
of wide section to avoid undue density of flow. 


Type VI (Fig. 15) 

Portal frames, continuous over the loading, furnace, 
and casting bays are arranged at 40-ft. centres. The 
construction is somewhat similar to Type V (Fig. 14), 
but differs in having continuous longitudinal purlins 
which may consist of rolled sections or light welded 
trussed girders, depending on the load from the roof 
cladding, i.e., sheeting or glazing. 

At the line of columns between the furnace and 
casting bays, the transverse portals are supported on 
continuous longitudinal roof girders which span the 
120-ft. intervals between the main stanchions. Those 
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portals which occur at the main columns take direct ' 
bearing on the columns. 

Natural lighting is by clerestory glazing over the 
crane gantry girders up to eaves level. Ventilation 
is afforded by the louvres in the roof monitors, which 
are intermittently arranged so that rainwater may 
be carried away from that portion of the roof which 
is situated between the roof monitors. To make this 
drainage practicable, the profile of the transverse 
portal frames has been raised near the centre so that 
there will be no possible risk of water collecting over 
the furnaces. 

The pleasing effect of the portal frames referred to 
in the previous type is also obtained in this scheme. 

Lateral rigidity is well provided for by the stiffness 
of the rigid transverse porta] frames. 


Type VII (Fig. 16) 

The roof comprises double-pitched bays of 60-ft. 
span arranged transversely across the building. These 
roofs are, in their own plane, inclined lattice trusses. 
At the line of columns between the furnace and 
casting bays, the inclined lattice trusses are supported 
on longitudinal roof girders. This minimizes the 
deflection of the inclined lattice trusses and also pro- 
vides longitudinal resistance to surge. 

Natural lighting from the roof glazing will be fairly 
uniform across the shop, being by means of transverse 
continuous glazing which is curtailed only over the 
furnaces. 

The transverse valleys have been made adequately 
wide and so arranged that they occur, as far as 
practicable, beyond the ends of the furnaces, to 
eliminate the risk of water overflowing the gutters 
and falling on to the furnaces. 

It may be argued that there is little rigidity between 
the inclined lattice trusses and the supporting 
stanchions, but the end posts of the trusses can be 
stiffened so that they are equal to the stiffness of the 
supporting stanchions. 

Erection costs may possibly make this scheme 
prohibitive, as the inclined girders require temporary 
girders, or two cranes, for erection. There is also the 
difficulty of making the flanges register should a 
camber be allowed. If these difficulties can be over- 
come, then the scheme is well worth consideration. 

Lateral rigidity is largely afforded by fixity in the 
concrete bases at the feet of the stanchions. 


Type VIII (Fig. 17) 

This roof comprises double-pitched bays running 
longitudinally. These roof bays are so arranged that 
the centre bay (between the furnace and casting bays) 
forms a sufficiently wide umbrella over the furnaces. 
The widths of the remaining bays are the balance of 
the furnace and casting bays. 

The slopes of the pitched roofs are, in their own 
plane, inclined lattice trusses which span the 120-ft. 
intervals corresponding to the spacing of the columns 
on the line of the furnaces. The inclined lattice 
trusses are supported on main cross-trusses which 
coincide with the columns on the line of the furnaces. 

Erection difficulties as described for Type VII also 
apply to this scheme, but if these are overcome 
the scheme may well be worth consideration. 
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TYPE X 


Fig. 19—Example of American and German designs of fiat roof spanning furnace and casting bays, with transverse vertical glazing 
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Any risk of rainwater falling on the furnaces is 
obviated by providing an adequate width of pitched 
span, or umbrella, and gutters of ample width. 
Natural lighting is provided by roof glazing, except 
over the furnaces, where it would be impracticable, 
and by clerestory glazing where desired. 
Roof ventilators can be provided in the ridges. 
Lateral rigidity is afforded largely by fixity of the 
stanchion bases in the concrete foundations as well 
as by knee braces at the main transverse trusses. 


Type IX (Fig. 18) 

The 60-ft. span segmental rigid frames provide 
glazing on the 1/1 slopes, and sheeting on the 1/5 
slopes. These rigid frames, in conjunction with the 
purlin members connecting them, form inclined girders 
which span across the loading, furnace, and casting 
bays. To minimize obstruction to daylight trans- 
mitted through the glazing, the girders formed in the 
1/1 slopes would preferably be of the Vierendeel type 
rather than of the usual type of lattice construction. 

On the line of the columns adjoining the furnaces, 
continuous roof girders span the 120-ft. intervals 
between the columns. To provide for the bending 
moments under this condition of continuity, the roof 
girders may be deepened at the columns as com- 
pared with the depth in the span, if desired. These 
roof girders may be of the ordinary lattice type or 
of Vierendeel type. 

To obviate risk of rainwater percolating to the 
furnaces, the 60-ft. span segmental rigid roof frames 
are arranged so that the transverse valley gutters are 
of ample width and, so far as practicable, not directly 
over the furnaces. This also avoids the roof reaction 
from the inclined roof trusses being situated at the 
centre of the longitudinal roof beam, so producing a 
high peak bending moment. 

Transverse glazing will provide good illumination. 

Lateral rigidity is largely afforded by fixity in the 
concrete bases at the feet of the stanchions, but by 
stiffening the end posts of the inclined transverse 
girders any moments in the columns can be trans- 
mitted to the inclined girders, so that fixity between 
roof construction and stanchions is practicable. 

The use of Vierendeel girders will probably entail 
some higher cost for the extra material required, and 
for temporary girders or falsework, or for handling 
by two cranes, which is necessary for their erection. 


Type X (Fig. 19) 

This example is included not so much to emphasize 
the structural framing as to draw attention to the 
physical outline which has been successfully used in 
America and Germany. The essential function of this 
form of construction is the provision of comparatively 
uniform natural illumination across the bays by means 
of longitudinal or transverse stretches of vertical 
glazing. This arrangement of glazing is obtained by 
dividing the roof longitudinally or transversely into 
bays, alternate bays being at a lower level than the 
main roof. 

In the example illustrated, only transverse glazing 
is used in the roof, comparable with the form of 
construction adopted at one of the new works now 
under construction. 
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The main roof frames can be in the form of con- 
tinuous lattice framing, as illustrated, or bents with 
solid webs as in portal frames. 

The roof covering is usually flat, perhaps laid to a 
slight fall, so that more substantial decking is required 
than the corrugated sheeting usually employed for 
the roofs of most single-storey buildings in this 
country. The roof bays can be framed in any suitable 
way, e.g., by rolled sections. In the example shown, 
the rolled steel joists are cantilevered beyond the 
frames to pick up the suspended low bay. 

Louvred ventilators can, if desired, be incorporated 
in the high portions of the roofs. 

The method of providing lateral rigidity can be as 
in the preceding examples, although longitudinal 
rigidity is not provided. 

Rainwater is drained directly to the gutters on the 
outer eaves. No gutters occur over the furnaces so 
that there should be no risk of rainwater seepage. 


Type XI (Fig. 20) 

The previous examples (Figs. 10 to 19) are put 
forward largely as forms of structure which merit 
consideration, and for this purpose a typical three-bay 
arrangement, as described in the previous section, 
has been adopted. If the plant installed requires 
more or less bays, as, for example, in the use of a 
stage-loading system as opposed to a bench-loading 
system, then the required number of bays must be 
provided. These examples, therefore, are not intended 
to indicate the necessary number and size of the bays. 

Type XI (Fig. 20), however, shows one variation 
in envelope which has an important object, namely, 
the rapid servicing of furnaces for dismantling and 
rebuilding. For this purpose a_ separate bay, 
carrying two service cranes, is provided over the 
furnaces. The provision of such cranes, specially 
devoted to rapid rebuilding of the furnaces, is con- 
sidered by some authorities to amply warrant any 
extra expense involved, and this variation in envelope 
is therefore included for consideration. 

The form of structural framing shown can be varied 
as desired, on the lines of any of the types of structural 
frame shown in the preceding examples. 

CONCLUSIONS 

It is hoped that the ideas presented in this paper 
will prompt designers of future melting-shops to break 
away from the old form of construction in order to 
obtain such fundamental advantages as rigidity, 
unrestricted lighting, ease of erection, pleasing appear- 
ance, and general working amenities. 

It has so far not been possible to compute unit 
weights of material and unit costs for each scheme. 
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THE IRON AND STEEL INSTITUTE 
Annual General Meeting, 1950 


The Annual General Meeting of The Iron and Steel 
Institute will be held in London on Wednesday and 
Thursday, 26th and 27th April, 1950. 


Sidney Gilchrist Thomas Centenary 


Mr. JAMES MITCHELL, C.B.E., Honorary Treasurer, 
will give a Special Commemorative Lecture to mark the 
centenary of the birth of Sidney Gilchrist Thomas. 

The Lecture will be delivered in London on the 
evening of Wednesday, 26th April, 1950, the first day 
of the Annual General Meeting of the Institute. 

Further particulars will be announced later. 


Binding Cases and Holders for the 
Monthly Journal 

After the issue of binding cases for vol. 163 (1949), 
binding cases will no longer be supplied free but will be 
available at an annual charge of 10s. 6d. per set of three, 
to cover the twelve monthly issues of the Journal. This 
charge will include indexes, packing, and postage. 

Arrangements have been made for binding Members’ 
Journals at a charge of 8s. 6d. per volume ; this charge 
includes packing and postage to Members’ addresses, 
but excludes the cost of the binding case. 

Stout holders have been designed into which up to 
four issues of the monthly Journal and one index may be 
inserted and kept for convenient handling ; single issues 
of the monthly Journal can be inserted or removed from 
the holders without difficulty. These holders are avail- 
able on request at a charge of 7s. 6d. each, including 
packing and postage. 

Full details of the above arrangements are given in 
the leaflet inserted in Members’ copies of this issue of the 
Journal. Subseribers and others are being notified 
separately. 

Application for binding cases and holders should be 
made (a) by Members only on the application forms 
enclosed with this issue and (6b) by subscribers and 
other non-members only on the special application 
forms being forwarded to them shortly. 


NEWS OF MEMBERS 


> Mr. ErxtING ANDRESEN has resigned from the position 
of Managing Director at A/S Norsk Blikvalseverk, 
Simonsvik pr. Bergen, to become Managing Director at 
the Stavanger Electro-Staalverk A/S, Jérpeland, Nor- 
way. 

> Mr. P. O. ByJGRKMAN retired from Allmiénna Svenska 
Elektriska Aktiebolaget on Ist January, 1950, and has 
taken an appointment as Manager of the control and 
laboratory departments at Messrs Enképings Verkstiider, 
Enk6éping, Sweden. 

> Mr. G. Burns was incorrectly stated in the December 
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issue to have been transferred to the Central Metallurgical 
Laboratory, Emsworth, Hants. He has been trans- 
ferred from there to the Admiralty Materials Laboratory, 
Poole, Dorset. 

> Mr. T. C. Fintayson, Deputy Chairman of 
Woodall-Duckham Vertical Retort and Oven 
struction Co. (1920) Ltd., has been appointed Chairman 
of that company on the retirement of Mr. F. B. Richards. 
Mr. Richards retains the Chairmanship of Woodall- 
Duckham, Ltd., and Mr. Finlayson has been appointed 
Deputy Chairman. 

> Mr. C. 8. Grint, Managing Director of Messrs. Davy 
and United Roll Foundry, Ltd., Billingham, Durham, 
has been re-elected Chairman of the Roll Makers’ 
Association of Great Britain for the fourth successive 


The 
( ‘on- 


year. He has also been re-elected Chairman of the 
Back-up Roll Makers’ Association, a position he has 
held since 1947; Chairman of the North-East Coast 


Association of Steelfounders ; and Employer Representa- 
tive on the Tees-Side District Advisory Committee of 
the Northern Regional Board for Industry. Mr. Gill 
is also Chairman of the Steel Roll Makers’ Joint Council. 
> Mr. NorMAN HANton has joined the Anderston 
Foundry Co., Ltd., Middlesbrough, as Assistant General 
Works Manager. 

> Mr. H. M. HENDERSON, Honorary Member of Council, 
and Commercial Manager of the Appleby-Frodingham 
Steel Company, became General Sales Manager of The 
United Steel Companies, Ltd., Ist January, 1950. 
Mr. C. E. Edwards takes the place of Mr. Henderson 
as Commercial Manager at Appleby-Frodingham. 

> Mr. D. JENNEY, formerly Fuel Officer at the Cleveland 
Works, has been appointed Assistant Chief Heat and 
Fuel Engineer to Messrs. Dorman Long and Co., Ltd., 
Middlesbrough. 

> Mr. K. G. Lampson, General Sales Manager of The 
United Steel Companies, Ltd., became a Director in 
charge of sales of that organization, on Ist January, 1950. 
> Mr. P. Barry Parks has severed his connection with 
the Hong Kong and Whampoa Dock Co., Ltd., after 
nearly 17 years with them as Metallurgist and Foundry 
Manager. He is now on leave in Sheffield, but hopes to 
go abroad again in the near future in a technical repre- 


on 


sentative capacity. 

> Mr. A. J. PeEEcH, Assistant 
The United Steel Companies, Ltd., became Deputy 
Managing Director of that organization on Ist January, 
1950. 

> Mr. A. Prince has taken the position of Trainee 
Research Metallurgist in the Central Research Labora- 
tories of Imperial Chemical Industries, Ltd., General 
Chemicals Division, Widnes, Lancs. 

> Mr. R. R. Roserts has left Messrs. Murex Welding 
Processes, Ltd., to take up an appointment in the 


Managing Director of 


Metallurgy Section of the Research Laboratory of 
Messrs. British Thomson-Houston, Ltd., Rugby. 
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> Mr. M. N. SAXENA has obtained the degree of B.Sc. in 
Metallurgy at the Benares Hindu University, and has 
accepted an appointment with the Gwalior Thermalite 
Corporation, Ltd., Kanpur, as Junior Engineer. 

> Mr. GERALD STEEL, Vice-President of the Institute, 
and Joint Managing Director of The United Steel 
Companies, Ltd., became Managing Director of that 
organization on Ist January, 1950, Sir Walter Benton 
Jones having relinquished the office of Joint Managing 
Director. 

> Mr. D. R. WALBURN is now Senior Ship and Engineer 
Surveyor to Lloyds Register of Shipping at Diisseldorf, 
Germany. 

> Mr. E. J. WALKLATE has left Messrs. Stewarts and 
Lloyds, to take up the position of Resident Engineer with 
The Coppee Co. (Great Britain), Ltd. 

> Mr. R. E. H. Witttams has left the Wellman Smith 
Owen Engineering Corporation, Ltd., to take up the 
position of North Eastern Manager of Powell Duffryn 
Technical Services, Ltd., Consulting Engineers. New- 
castle-on-Tyne. 


New Year Honour 
Mr. J. G. Pearce. Director of the British Cast Iron 
Research Association, has received the O.B.E. 


Obituary 


Major JoHN McKnicut CAMPBELL, 0.B.E., M.C., of 


24 Old Broad Street, E.C.2, on 25th May, 1949. 


CONTRIBUTORS TO THE JOURNAL 
W. B. Pearson, D.F.C., M.A.—Mr. Pearson is studying 


at Oxford University under a Ministry of Education 
F.E.T. Grant. He was born in 1921, and was educated 
at Christ’s Hospital and at Oxford University. During 
the war he served in the R.A.F. with Ferry and Transport 
Commands, and was awarded the D.F.C. . 

D. R. F. West, B.Sc., Ph.D., D.I.C.—Scientifie Officer 
at the Armament Research Establishment, Woolwich. 
Dr. West was born in 1926, and was educated at Bromley 
County Grammar School and at University College, 
Cardiff. He graduated with first-class honours in 
Metallurgy, in 1946. He has carried out research for 
the British Iron and Steel Research Association at the 
Royal School of Mines, London, obtaining the Ph.D. 
degree of London University, and the Diploma of 
Imperial College, in 1949. He took up his present 
position in August, 1949. 





D. R. F. West 


IRON AND STEEL ENGINEERS GROUP 

The TWELFTH MEETING of the Iron and Steel Engineers 
Group will be held at 4 Grosvenor Gardens, London, 
S.W.1, on Thursday, 23rd March, 1950. 
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A Buffet Luncheon will be held in the Library tr 
connection with the Meeting. 

The following papers will be discussed : 

* Traffic of Iron and Steel Works—a Method of 
Traffic Analysis,” by H. H. Mardon and M. D. Brisby. 

* Structural Frames for Melting Shops,” by J. 5. 
Terrington. 

‘4 Proposed Method of Specifying Travel Motion 
Performance for Overhead Cranes,” by D. A. Wise and 
L. N. Bramley. 


Joint Meeting in Scotland 

A Joint Meeting of the Iron and Steel Engineers Group 
and the West of Scotland Iron and Steel Institute will 
be held on 2nd March, 1950 at 39 Elmbank Crescent. 
Glasgow, at 6.45 p.m. Mr. A. I. Nussbaum, a Mond 
Nickel Fellow for 1948, will give a Lecture entitled ‘* A 
Review of Recent American Rolling Mill Installations.” 


Joint Meeting at Sheffield 

A Joint Meeting of the Iron and Steel Engineers Group 
and the Sheffield Society of Engineers and Metallurgists 
will be held on 20th March, 1950 at the Royal Victoria 
Station Hotel, Sheffield, at 6.15 p.m. Mr. A. I. Nuss- 
baum, a Mond Nickel Fellow for 1948, will give a Lecture 
entitled ‘A Review of Recent American Rolling Mill 
Installations.” 


AFFILIATED LOCAL SOCIETIES 
Staffordshire Iron and Steel Institute 


The List of Officers for the Session 1949-50 is as 
follows : 
President 
E. Marks, M.NSe.(Tech.) 
Vice- Presidents 
K. H. WriGHtT J. McCRACKEN 


Hon. Treasurer 
D. J. PARSONS 


Hon. Secretaries 
H. A. McCott, B.Sc. W. C. CHURCHWARD 


Members of Council 


W. ANGUS A. W. SHORE 


N. BacHE D. PHIMISTER 
E. CoupLanpD, M.Sc. W. E. GREEN 
A. H. BENNETT H. GALLOWAY 
M. R. Lippratr G. A. RuTTER 
J. FRANCIS PARKER F. J. SOMERS 
D. FLEMMING J. A. DAVIES 


W. Reaay, B.Se. 


Sheffield Society of Engineers and 
Metallurgists 


The list of Officers for the Session 1949-50 is as 
follows : 
President (1950 and 1951) 
Professor H. W. Swrrr, D.Sc. (Eng.) 
Vice-Presidents 
G. Baker, O.B.E. L. K. Everitt, B.Met. 
H. Buti R. E. 8S. FIsHEer 
Professor R. J. SARJANT, D.Se. 
Hon. Treasurer 
L. K. Everitt, B.Met. 
Secretary 
E. J. THACKERAY 
Members of Council 
H. H. Burton D. A. OxIver, M.Sc. 
G. E. GILFImLaNn C. Sykes, D.Sc., F.R.S. 
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ANNOUNCEMENTS AND NEWS 


Liverpool Metallurgical Society 

The Liverpool Metallurgical Society 

affiliated to The Iron and Steel Institute as from Ist 

January, 1950. The President, Dr. Stanley J. Kennett, 

has been invited to become an Honorary Member of 
Council of the Institute during his period of office. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Engineering Conference 

The Fifth Plant Engineering Conference, held at 
Chester on 22nd and 23rd November, 1949, was a con- 
tinuation of the Third Conference held at Ashorne Hill 
in May, 1949. 

Although no new papers were presented there was 
lively discussion on the operation and design of soaking 
pits and reheating furnaces. 

The Conference ended with a visit to the Shotton 
Works of Messrs. John Summers and Sons, Ltd., where 
about 80 people spent an interesting afternoon. 

Staff 

Dr. F. D. Ricuarpson will shortly be relinquishing 
his position as Head of the Chemistry Department of 
the British Iron and Steel Research Association, to take 
up an appointment as Nuffield Research Fellow in 
Extraction Metallurgy at the Royal School of Mines. 
The purpose of this new Fellowship is to permit the 
establishment of an academic research group to work 
on the extraction metallurgy of both ferrous and non- 
ferrous metals. Within this field, Dr. Richardson 
intends that the researches of his team shall be devoted 
to the thermodynamics of slag and metal solutions of 
importance in extractive processes. He joined B.I.S.R.A. 
in 1946, and has since built up the Chemistry Department 
with particular emphasis on the Physical Chemistry 
Section, which is designed to undertake researches on 
the background chemistry of iron and steel making. 


EDUCATION 


The Institution of Chemical Engineers 

Examiners’ Report on the Associate Membership 
Examination for 1949 

There were 115 candidates, an increase of 29 over 
1948. The percentage of successful candidates was lower 
than in 1948 (57%). The standard required was high, 
and paper A was a severe test not only of the application 
of fundamental principles, but also of the capacity for 
orderly treatment and for hard work. Candidates are 
often at a loss to know how detailed the treatment should 
be. The answers should follow the lines of an industrial 
report, where excessive length is not a merit. 

There was considerable difference in the standard of 
the answers. The use of simplified equations from 
handbooks is deprecated. There was in many answers 
a lack of balance due to elaboration of unessential 
details, and sizes of units were often assumed despite 
the emphasis in the instructions on the use of first 
principles. In papers C, D, and E it was evident that 
many candidates had learned formule without under- 
standing the fundamental basis, so that they were 
incapable of performing a simple calculation if it was 
asked for in a form slightly different from the usual 
examination questions. The standard of drawing 
remained low. 


NEWS OF SCIENCE AND INDUSTRY 


Albert Victor Bleininger Award 
Mr. Stuart M. Phelps, Senior Fellow of the Mellon 
Institute, and Director of Research and Tests at the 


has become 
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American Refractories Institute, is to receive the 1950 
Albert Victor Bleininger Award, the highest honour 
conferred in the U.S.A. for distinguished achievement 
in the field of ceramics. 

Research and Production Exhibition 

An exhibition entitled ‘* Research and Production ”’ 
is to be held by the British Welding Research Association 
at their London Headquarters, 29 Park Crescent, W.1. 
from Tuesday, 7th February to Saturday, 11th February, 
1950, inclusive, between 10 A.m. and 5.30 P.M. 

Every aspect of welding will be covered by the 
exhibition which is to show how research has helped 
welding, and how welding can increase productivity. 

Stands have been allotted for the following : Welding 
of Stainless Steel, Magnesium and its Alloys, Aluminiurn 
and its Alloys, Steels ; Non-Destructive Examination of 
Welds ; Repairs by Welding; Resistance Welding ; 
Resistance-Welding Machine Instrumentation ; Welded 
Pipes and Pressure Vessels ; Welded Structures. 

Demonstrations will be given of the non-destructive 
testing of welds and resistance-welding machine instru- 
mentation. Films will be shown daily. A number of 
lectures are being arranged. 

An Information Department will be in operation, and 
with the aid of Engineers of the Liaison and Development 
Department it is hoped to answer queries regarding the 
many applications of welding. 
Industrial Finishes Exhibition, 1950 

The final space plans for the first 
Finishes Exhibition, to be held at 
30th August to 7th September, 1950, have now been 
issued to potential exhibitors. 

In its final form, the emphasis of the Exhibition is 
quite clearly on metal finishes, although other finishes 
are not excluded and quite considerable space will be 
devoted to paint and wood. 

At the Exhibition the manufacturer will be able to 
see the wide range of finishes which are available to him. 
He will, too, be able to obtain expert advice on the 
best kind of finish for his particular product, having 
regard to selling price and suitability to varying climates 
in export markets in the dollar and sterling areas. 
Fourth World Power Conference 

The provisional programme and membership applica- 
tion forms of the Conference to be held in London from 
10th to 15th July, 1950, can now be obtained from The 
Conference Offices, Fourth World Power Conference, 
414 Cecil Chambers, 76-86 Strand, London, W.C.2. 


sritish Industrial 
Earls Court from 


Sixth International Congress for the History of Science 

The Union Internationale d’Histoire des Sciences and 
the Académie Internationale d’ Histoire des Sciences have 
agreed to ask the Netherlands branch of the Union, the 
Genootschap voor Geschiedenis der Wiskunde, Genee- 
skunde en Natuurwetenschappen, to organize the Sixth 
Congress for the History of Science in the Netherlands. 

The Congress will take place 14th—20th August, 1950, 
in the localities of the Amsterdam University. Papers 
for the Congress must be sent in by Ist May, 1950. 
Fourth Empire Mining and Metallurgical Congress 

In the Congress Third Circular it was announced that 
the Proceedings of the Congress would be published in 
two volumes at a cost of £2 per volume. It has now 
been found possible to reduce the price to £2 for the 
two volumes. 


Stress-Corrosion Cracking 
In the Report on Stress-Corrosion Cracking in Welded 
Structures, which appeared in the December issue of the 
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Welding Research supplement to the Transactions of 


the Institute of Welding, it is stated that intergranular 
eracking occurring in welded mild-steel gas mains 
carrying crude coke-oven gas is associated with the 
factors normally causing stress-corrosion cracking in 
other alloys. Study of the problem, using a calcium— 
ammonium nitrate solution as the corroding liquid, shows 
that mild steels differ in their susceptibility towards this 
type of failure according to their composition, provided 
tensile stresses of sufficient magnitude are present. 
Parallel tests in a coking plant and in the laboratory, 
using the above solution, indicate a broad correlation 
between the failures occurring under the two different 
corroding conditions ; from which it is inferred that study 
of the problem in the laboratory, and design of a further 
field test to consider preventative measures on the basis 
of this study, are justified. 

It is also apparent that cold working considerably 
impairs the resistance of steels to this form of failure. 
Annealing at temperatures of the order of 300—400° C. 
suffices to render welded steel structures safe from 
stress-corrosion cracking in the calcium—ammonium 
nitrate solution, although the possibility that some 
mechanism other than stress relief is operative in bringing 
this about is not excluded. Hammer and shot peening 
after welding have the same beneficial effect. 


Measurement of Productivity 


The Joint Committee of the Institution of Production 
Engineers and the Institute of Cost and Works Accoun- 
tants, which was set up in January 1949, have issued 
an Interim Report on the results of the first few months 
of their investigations into methods of measuring 
productivity. 

The Joint Committee report that there appears to 
be room for improvement in the level of machine 
utilization in British industry. They recommend the 
provision of better cost and statistical information for 
supervisory staff, and advocate the establishment of 
uniform principles of work measurement and a unified 
system of training for time-study engineers, in order 
that time-study rates may be used for purposes of 
comparison between firms. 

Copies of the Interim Report are obtainable only from 
Messrs. Macdonald and Evans, 8 John Street, Bedford 
Row, London, W.C.1., price Is. 6d. (1s. 7d. post free). 


Conference on Wire Ropes in Mines 


A four-day Conference on Wire Ropes in Mines will 
be held between 19th and 23rd September, 1950, at 
Ashorne Hill, near Leamington Spa, Warwickshire. 
Arrangements for the conference are being made by the 
Institution of Mining and Metallurgy, in co-operation 
with the Institution of Mechanical Engineers, the 
Institution of Mining Engineers, the British Iron and 
Steel Research Association, and other bodies. 

The subjects to be dealt with include the design and 
manufacture of winding ropes, rope practice in the 
principal mining fields of the world, rope testing and 
failures, and Government regulations for the use of wire 
ropes in mines. Although particular attention will be 
given to winding ropes the conference will also discuss 
ropes for haulage, shaft guides, and ropeways. 

All those interested in problems connected with wire 
ropes used in mines are cordially invited to attend the 
conference, which will afford a unique opportunity to 
meet engineers from many parts of the world and to 
exchange views and experiences. 

A list of papers, with synopses, will be issued at an 
early date, and preprints of the papers will be published 
and circulated before September, 1950, to afford as much 
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time as possible for discussion at the conference. It is 
hoped that, by giving ample notice of the date of the 
conference, arrangements can be made by all those who 
desire to attend. Further particulars can be obtained 
from the Secretary, Institution of Mining and Metallurgy, 
Salisbury House, London, E.C.2. 


DIARY 


Ist Feb.— MANCHESTER METALLURGICAL SOCIETY (Joint 
Meeting with The Iron and Steel Institute)—** Britt: 
Fracture in Mild Steel,” by C. F. Tipper—The 
Engineers’ Club, Albert Square, Manchester, 6.30 
P.M. 

2nd Feb.—MIpLAND METALLURGICAL SOCIETIES 
** Recent Progress in the Production of Some of thi 
Rarer Metals,” by A. R. Powell—James Watt 
Institute, Great Charles Street, Birmingham, 6.3) 
P.M. 

2nd Feb.—LeEEpDs METALLURGICAL SocreTy—*‘ Oxida- 
tion and Scaling of Steels,” by A. Preece—The 
Department of Chemistry, University” of Leeds. 
7.0 P.M. 

7th Feb.—Exssw VALE METALLURGICAL Society (Joint 
Meeting with the Engineers Group of The Iron and 
Steel Institute), ‘‘ Electricity in a Modern Steel- 
works,’ by A. W. Ellis—The Co-operative Hall, 
Ebbw Vale, 7.0 P.M. 

8th Feb.—Socrety or INSTRUMENT TECHNOLOGY 
‘The Problems of Surface Pyrometry at High 
Temperatures,’ by T. Land—Cleveland Scientific 
and Technical Institute, Corporation Road, Middles- 
brough, 7.30 P.M. 

8th Feb.—NortH WALES METALLURGICAL SOCIETY 
* Developments in Ironmaking,” by L. Reeve 
County Primary School, Plymouth Street, Shotton, 
Chester, 7.15 P.M. 

16th Feb.— STAFFORDSHIRE [RON AND STEEL INSTITUTE 

“The Hot Rolling of Steel,’ by W. H. Bird 
Station Hotel, Dudley, 7.0 p.m. 

18th Feb.—SwansEA AND District METALLURGICAL 
Socrery—* Ingot-Mould Design and Pit-Casting.”’ 
by W. L. Kerlie—Central Library, Swansea, 6.30 
P.M. 

20th Feb.—-SHEFFIELD SOCIETY OF ENGINEERS AND 
METALLURGISTS—* The Automatic Control of Open- 
Hearth Furnaces,” by T. Land—Royal Victoria 
Station Hotel, Sheffield, 6.15 P.m. 

23rd Feb.—MipitanD METALLURGICAL SOCcIETIFS— 
** Gases in Metals,” by C. E. Ransley—James Watt 
Institute, Great Charles Street, Birmingham, 6.3) 
P.M. 


TRANSLATION SERVICE 


(The previous announcement was made in the January, 
1950, issue of the Journal, p. 96). ; 
TRANSLATION AVAILABLE 
No. 393 (German). E. A. SPENLE : ‘“* The Cogging Mill 
in the Special Steel Rolling Mill.” (Stahl und 
Kisen, 1949, vol. 69, June 23, pp. 443-449 ; 

discussion, pp. 449-450). 

CHARGES FOR CoPIES OF TRANSLATIONS—The charge 
for the above translation is £1 for the first copy and 
10s. for each additional copy of the same translation. 
Requests should be accompanied by a remittance. 
These translations are not available on loan from the 
Joint Library. 

TRANSLATIONS PREPARED AT MEMBERS’ REQUEST— 
Members requiring translations of foreign papers are 
invited to communicate with the Secretary, who will 
ascertain whether they can be prepared for inclusion in 
the Service. 
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MINERAL RESOURCES 


The Ore Deposit of Chaillac (Indre). H. Vincienne. (Comptes 
Rendus, 1949, vol. 229, Aug. 22, pp. 473-475). The geology 
of this iron-ore deposit, which lies about 45 km. south-south- 
west of Chiteauroux, France, is described.—a. E. c. 

The Iron, Manganese, Chromium and Molybdenum Ores of 
Rumania. V. lanovici. (Bulletin de Ecole Polytechnique 
de Jassy, 1948, vol. 5, Jan.—June, pp. 362-374). The ore 
deposits of Rumania are surveyed. Iron-ore deposits are 
found in two regions, 
Poiana Rusci consisting of siderite (34-43% iron) and 
limonite (43-62% iron) in the ratio 3: 1. 
Rumania contain good manganese deposits (with manganese 
between 26 and 37%); these are the Banat and the Monts de 
Bistrita. Chromium ore is found south of the Banat and 
consists of chromite with 18-22% Cr,0,: molybdenum ore is 
found at Baita, as a molvhdenite containing 0-3-1-2% MoS,. 

The known reserves of Rumania are given as iron ore 16-5, 
manganese ore 4-5, chromium ore 2-5, and molybdenum ore 
0-008 million tons. It is suggested that the Krupp-Renn 
and the Sturzelberg processes should be introduced for the 
exploitation of pyrites, the known reserves being of the order 
of 10,000,000 tons. --R. F. F. 

The Mineral Resources of the Western Pacific Islands. 
A. B. Edwards and M. F. Glaessner. (Proceedings of the 
Australasian Institute of Mining and Metallurgy, 1947, 
Sept. 30-Dec. 31, pp. 75-227). This report shows that 
extensive deposits of coal, iron ore, and chromite exist in the 
Western Pacific Islands. Geological descriptions, analyses, 
and data on production are given.—R. A. R. 

Labrador Iron Ore Nearest Outside Source. (Engineering 
and Mining Journal, 1949, vol. 150, July, pp. 88-90). Some 
particulars are given of the capital investment involved in 
exploiting the iron ore fields of Labrador which lie about 
360 miles north of the St. Lawrence. A survey for the proposed 
railway to Seven Jslands on the St. Lawrence Gulf has been 
made. <An investment of $200,000,000 is needed to make 
the ore available to the steel industry.—Rr. A. R. 

Iron Ore Deposits of Labrador. (. Faessler. 
Canadien, 1948, vol. 75, Jan.—Feb., pp. 5-30: 
Chimie et Industrie, 1949, vol. 61, May, p. 478). 

The Coal Resources of the Restored Territory of Upper 
Hungary and Carpathia. I. von Vitilis. (Royal Hungarian 
Palatine-Joseph University, Publications of the Department 
of Mining and Metallurgy, 1939, vol. 11, pp. 137-149). 

Concentrations of Oxide Manganese Ores from the Adams 
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those of Panat consisting mainly of 
magnetite (35% iron) and hematite (31% iron), and those of 
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and Woody Properties, Coconino County, near Peach Springs, 
Ariz. M. Potter and R. Havens. (United States Bureau 
of Mines, 1949, Apr., Report of Investigations No. 4439). 

Concentration of Oxide Manganese Ores from the Turtle 
Claims and Pacific Coast Manganese atin Paymaster 
District, Imperial County, Calif. W. . Agey and B. K. 
Shibler. (United States Bureau of aie 1949, Apr., Report 
of Investigations No. 4441). 

Beneficiation of Oxide and Silicate Manganese Ores from 
Crook, Albany, and Washakie Counties, Wyo. B. K. Shible: 
and H. D. Snedden. (United States Bureau of Mines, 194, 
Apr., Report of Investigations No. 4445). 

Eagle Mountain, New Source of Iron Ore for Fontana. 
J. B. Huttl. (Engineering and Mining Journal, 1949, vol. 
150, May, pp. 92-93). The exploitation of the iron ores of 
Eagle Mountain, southern California, commenced in Novem- 
ber, 1948, when the first train load travelled 164 miles to 
the Fontana steelworks. Reserves of 21-6 million tons of 
magnetite—hematite ore, averaging 51-2°, of iron and 0-40°, 
of sulphur have beer indicated by surveys. The deposits 
are favourably situated for open-cast working.—R. A. R. 

Notes on Tin and Wolfram in Burma and India. E. L. ( 
Clegg. (Records of the Geological Survey of India, 1948. 
vol. 76, Bulletins of Economie Minerals, No. 15). 

Iron Deposits in the K.F.S.S.R. K. K. Khazanovich. 
(Comptes Rendus (Doklady) de Académie des Sciences. 
U.R.S.S., 1948, vol. 59, pp. 119-122 [in Russian]: Chemical 
Abstracts, 1949, vol. 43, Apr. 10, col. 2550). West of Petro- 
savodsk widespread ferruginous quartzites were discovered 
by aerogeologic and magnetometric methods. They contain 
principally amphibole (actinolite)-magnetite schist complexes. 
Mainly in the north of Lake Gimol and on the East shore 
of Lake Sukko these rocks form ore bodies with an average 


FeO Fe,O, content of 33-42°,, and 38-44°, respectively 
Three ore bodies of the Gimol region are observed 500) 
1600 m. long and 3-20 m. thick. The deposits of the Sukko 
district were found to be up to 60 m. thick. 

Natural Resources of the U.S.S.R. A. Bialaczeioski. (Hutnik. 
1949, vol. 16, Jan.—Feb., pp. 4-10). [In Polish]. The 
22,000,000 square kilometres of the U.S.8S.R., 16% of the 


world’s land surface, contain deposits of nearly all commercial 
ores, including aluminium, tin, nickel, and potassium minerals. 
sulphur, graphite, asbestos, mica, and fluorite, etc., and 
12,000 trained geologists are employed in prospecting and 
collecting specimens. The fuel resources of the Soviet 
Union are also discussed in this paper from a geological and 
geographical point of view, and a map is provided showing 
the location of coal and mineral deposits.—w. J. w. 
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REFRACTORY MATERIALS 


Mechanization in a Dry Grinding Silica Brickmaking Plant. 
O. Winfield. (Transactions of the British Ceramic Society, 
1949, vol. 48, Sept., pp. 323-342). This paper deals with the 
engineering aspects of mechanical handling of all processes 
from washing of raw stone to the conveying of dried bricks 
and blocks to the kilns. Particular attention is paid in 
design to efficient sealing for the dustproofing of all equipment. 

Refractory Coating. (Combustion, 1949, vol. 20, Feb., 
p. 57: Fuel Abstracts, 1949, vol. 5, June, p. 189). The New 
York College of Ceramics, in conjunction with the Robert G. 
Allen Co., Mechanicville, N.Y., has developed Allencote 
chrome-ore refractory coating for fireclay brick and mouldable 
materials. The material is suitable for use at temperatures 
from 2400° to 2850° F. 

The Radiation Properties of Refractory Bricks and Slags 
and Their Effect on Heat Transfer. G. Naeser and W. Pepper- 
hoff. (Stahl und Eisen, 1949, vol. 69, May 12, pp. 325-328). 
The beneficial effect of carburetting the flame in open-hearth 
furnaces was investigated by aa apparatus with which the 
reflecting power of refractory bricks and slags was measured. 
The conclusions were : (1) Carburetting reduced the reflecting 
power of the slag by about one-third ; (2) the reflecting power 
of silica, firebrick, and magnesite bricks was increased 155°%, 
130%, and 2% respectively, and that of chrome-magnesite 
was decreased 22%. The radiation of non-luminous flames 
was strongly reflected by magnesite aud chrome-magnesite 
bricks. The reflection of radiation from non-luminous flames 
was greatly increased by additions of a heavy-metal oxide 
to the refractory, e.g., an addition of 19°, MnO to a fireclay 
mortar increased the reflecting power by 14°. Further tests 
should be made to determine which metal oxide could be used 
with the greatest advantage. (An English translation of this 
paper has been prepared, see Iron and Steel Institute, 1949, 
Translation Series, No. 382).—R. A. R. 

The Radiation of Refractory Materials. C. A. Landfer- 
mann. (Chemie-Icgenieur-Technik, .B, 1949, vol. 21, Aug., 
pp. 295-297). Refractory materials in powder form were 
applied to an electrically heated silicon carbide rod and the 
emission spectra were determined in the 1000—1500° C. range 
and compared with the black-body spectra in order to obtain 
values of the radiation energy. The effect of additions of 
Fe,O, and of Cr,Q, to alumina and porcelain clay was to 
ircrease the emission energy, the former having the greater 
influence ; coloured oxides increase the emission, particularly 
at shorter wavelengths. It appears that some of the impurities 
present in refractory bricks have this effect. If a material 
is a poor radiator its temperatures will increase, which will 
decrease the heat transferred. It is therefore desirable to 
keep the temperature of the radiating body as low as possible 
consistent with the maintenance of sufficient radiation. 
These requirements are fulfilled by materials having the 
radiation characteristic of a grey body.—R. A. R. 

Heat Transfer in Refractory Insulating Materials. Part I. 
Texture and Insulating Power. L. R. Barrett. (Transactions 
of the British Ceramic Society, 1949, vol. 48, July, pp. 235- 
262). The author reviews the work of previous investigators 
on the influence of the texture on the insulating power and 
thermal conductivity of refractory materials. The biblio- 
graphy contains 8] references.—R. F. F. 

Apparatus for the Determination of the Heat Conductivity 
of Refractories. 1. E. Dudavskii. (Zavodskaya Laboratoriya, 
1947, vol. 13, pp. 710-715 [in Russian] : Chemical Abstracts, 
1949, vol. 43, May 10, col. 3584). A cylindrical sample is 
placed between a heating plate and an iroa cylinder. The 
thermal conductivity relative to that of the iron is determined 
from measurements of two temperatures at different heights 
in the iron, and two temperatures in the refractory sample 
in the stationary state. 

Assessment of the Resistance of Refractory Materials to 
Sudden Temperature Variations. A. Giannone. (Calore, 
1948, vol. 19, Nov., pp. 398-401: [Abridged Translation] 
Engineers’ Digest, 1949, vol. 10, June, pp. 189-192). The 
theoretical factors involved in the calculation of the resistance 
of refractory materials to sudden temperature changes are 
discussed. —R. F. F. 

Silica Cement, Its Application and Testing. H. Grewe and 
KF. Harders. (Stahl und Eisen, 1949, vol. 69, May 26, pp. 
378-381). The requirements of silica cement for roofs for 
open-hearth furnaces are discussed. A hot compression test 
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consists of pressing a l-cm. layer of cement between two silica 
slabs at a pressure of 0-1 kg./sq. em. and holding at say 
1600° C. for increasing periods of time. Mixtures of 80% 
silver sand with 20°, fayalite commenced to sinter at 1200° C. 
aod melted at 1700° C. As fayalite was difficult to get, mill- 
scale (ie,0,) was tried and 14°, of this with 86° silver 
sand also melted at about 1700° C. With 17-5°, Fe,O, the 
mixture sintered at 1200° and melted at 1680° C. After these 
tests the specimens were dense and strong and still had a 
grain-like structure. Mixtures with 14 to 23°, Fe,sO, tested 
in brickwork showed that there was no tendency to fuse the 
bricks, and this mixture was therefore used in constructing 
silica brick roofs where it was desired to prevent the formation 
of a monolithic shell on the inside surface. With Fe,0, 
additions up to 35°, there was also no fusion and the cement 
was unaffected by iron oxide in the flue dust. A mixture of 
10°¢ clay, 17-5, Fe,0, and 72-5°%, silver sand caused the 
bricks to bake together slightly without any melting, but 
the bricks, when cold, could be separated with a light blow 
with a hammer. This mixture had a Seger cone melting point 
of 1680° C. and the clay by itself of 1180°C. The baking 
together of cement and brick could be adjusted to any degree 
by increasing the clay addition. After a 10-hr. test at 1600° C. 
using a 23/77 Fe,O, sand mixture a brown layer 1 em. deep 
could be seen in the bricks ; this layer contained 12-0°% of 
iron oxide and had a Seger cone melting point of 1700° C., 
which was about the same as that of the unchanged brick. 

B.A. B. 

The Behaviour of Graphite and Carbon in Fireclay Materials. 
F. Harders and H. Grewe. (Stahl und Eisen, 1949, vol. 69, 
July 21, pp. 519-523). Carbon, predominantly in the graphite 
form, can be deposited in the pores of fireclay by treating it 
at 1000—1200° C. in a stream of coke-oven gas. After about 
15 hr. at 1150° C. the carbon content is about 2-5%. The 
refractoriness-under-load is markedly improved with 1-5-2% 
of carbon present. The stiking tendency is also reduced 
by the graphite, but the resistance to slag attack is not 
improved. An improved method for determining refractori- 
ness-under-load is proposed. (See lron and Steel Institute, 
Tran: lation Scries, No. 3)0).—R. A. R. 

Variations in Length during Firing of Test-Pieces Formed 
from Refractory Materials. H.Salmang. (Verre et Silicates 
Industriels, 1948, vol. 13, p. 262: British Ceramic Abstracts, 
1949, July, p. 274A). Expansion measurements were carried 
out up to 2000° C. on commercially prepared, unfired bricks 
containing alumina, silica, magnesite, sillimanite, chromite, 
chrome-magnesite, olivine, and silicon carbide, and on speci- 
mens prepared from slips containing refractory oxides 
previously pitted at 1900°C. It is pointed out that the 
curves representing the variation of volume during the firing 
of sillimanite, silica, magnesite, chromite, and silicon carbide 
are analogous to those for the heating of pre-fired samples, 
since these contain the same minerals. 

Apparatus for Determining the Thermal Stability of Dinas 
for Coke Ovens. I. 8. Kainarskii and I. 8. Smelyanskii. 
(Zavodskaya Laboratoriya, 1949. vol. 15, July, pp. 873-876). 
{In Russian]. An apparatus is described in which the 
stability of dinas for coke-oven construction can be tested 
under thermal stress and mechanical abrasion.—s. kK. 

The Determination of the Bend Strength and Bend Creep 
of Ceramic Materials. J.P. Roberts and W. Watt. (Trans- 
actions of the British Ceramic Society, 1949, vol. 48, Sept., 
pp. 343-351). Test-pieces measuring 3-2 in. long, of square 
cross-section and 0-016 in. side, were subjected to bending 
by equal couples in a test rig which was machined from 
magnesite brick and incorporated corundum knife-edges. 
Full details of the test rig, its manipulation, and scope are 
given. Bend strength at room temperature and at 1000° C. 
and bend creep properties at 1000° C. of sintered corundum 
were studied. Some observations on corundum single 
crystals, sintered beryllia, pyrophyllite and a commercial 
mullite material are included. Points of special interest 
concerning the preparation of sintered corundum are noted. 

Forsterite as a ‘ Basic’ Lining for Large High-Frequency 
Furnaces. H. Stiitzel. (Stahl und Eisen, 1949, vol. 69, 
June 9, pp. 403-405). Goldschmidt’s process for obtaining 
the highly refractory forsterite from natural rock consisting 
mainly of olivine is outlined. The crushed rock is treated 
with an excess of magnesia (c.g., sintered magnesite) and 
heated. Small-scale and full-scale tests have shown that a 
forsterite lining is fully equal to a magnesite lining for 
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induction furnaces. Chromium and manganese steels which 
reduce the silica in an acid lining can be prepared in a 
forsterite-lined furnace and the * fixed ’ silica is not attacked. 
The lining exhibits no cracking tendency and has therefore 
a long life.—R. A. R. 

The Occurrence of Iron-Cordierite in Blast-Furnace Linings. 
H. M. Richardson and G. R. Rigby. (Journal of the Minera- 
logical Society, !949, vol. 28, June, pp. 547-556). The 
condition observed in the excavated hearth of a blast-furnace 
of the Kettering Iron Company was examined and was found 
to exhibit zoning in a vertical direction. The second zone, 
about 2 in. deep, consisted of a black glassy slag containing 
numerous crystals of cordierite. A detailed examination of 
this zone is reported.—R. A. R. 


BLAST-FURNACE PRACTICE AND THE 
PRODUCTION OF PIG IRON 


The Effect of Throat Diameter on the Behaviour of the 
Fine Material in the Blast-Furnace. P. Reichardt. (Stahl 
und Hisen, 1949, vol. 69, July 21, pp. 503-508). If the 
diameter of the blast-furnace throat 1s increased without 
increasing the hearth dimensions, the velocity of the gases 
in the upper part of the furnace will decrease and the force 
they exert upon the dust and fines will be less than it is lower 
in the shaft. It is conceivable that there will be a certain 
height at which the descending dust will collect. The paper 
describes investigations to determine whether this happens 
under normal conditions of operation, alternatively, under 
what conditions it does happen. <A blast-furnace with bearth 
and throat diameters of 5-3 and 5-1 m. respectively and a 
shaft angle of 87° was used. The velocity, composition, 
temperature, and quantity of gases at different levels in the 
shaft were worked out and from these data the force exerted 
on the fines was calculated. In this furnace the force was 
greater at the top than lower down, so there was no danger 
of the fines collecting. The throat diameter was, however. 
close to the permissible maximum and could not be increased 
without making a proportionate increase in the diameter at 
the bottom of the shaft.—r. A. R. 

Flow and Flue-Dust Deposition in the Blast-Furnace. 
M. Hansen. (Stahl und Eisen, 1949, vol. 69, July 21, pp. 
528). Supplementing Reichardt’s paper (see preceding 
abstract) the author explains his method of calculating the 
maximum size of the fines which a given flow of gas will 
carry through the throat of the blast-furnace, and how this 
is affected by the temperature and pressure prevailing in the 
throat.—nrk. A. R. 

Operation of Large Blast-Furnaces. P. I. Bondarenko 
(Stal, 1947, vol. 7, pp. 783--791 [in Russian]: Chemical 
Abstracts, 1949, vol. 48. June 10, col. 4195). The construc- 
tion and operation of two very large blast-furnaces having a 
useful volume of 1300 and 1371 cu. m. are described. 

Effect of the Physicochemical Properties of Sinter on the 
Performance of Small Blast Furnaces. D. G. Khokhlov. 
(Stal, 1947, vol. 7, pp. 681-688 [in Russian]: Chemical 
Abstracts, 1949, vol. 43, June 10, col. 4196). Magnetite was 
crushed to sizes ()-6, 0-10, and 0-25 mm., mixed with varying 
quantities of coke breeze, and sintered. Magnetite more than 
6 mm. underwent in the sintering process a certain degree of 
oxidation characterized by a change in the ferrous oxide 
content. The latter rose as the size of the magnetite increased 
and the quantity of coke decreased. With the same quantity 
of coke, the mechanical strength of the sinter decreased as 
the size increased. The reducibility of the sinter containing 
varying quantities of ferrous oxide was determined in a 
stream of hydrogen. The reducibility was inversely pro- 
portional to the ferrous oxide content. Smelting tests -vere 
earried out in a blast-furnace of 170-7 cu. m. useful capacity. 
Best results were obtained when the ore was crushed to 
0-6mm. A sinter of this size ore contains least ferrous oxide 
and has the highest reducibility. With an ore crushed to 
15 mm. best results were obtained when the sinter contained 
16—20°;, ferrous oxide and not more than 50—75°%% of sinter 
was used in the charge. 25% 
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When the sinter contained 25 
of ferrous oxide much unreduced ferrous oxide was found in 
the crucible. Such a sinter required considerably more coke 
for running the hearth. 

Mathematical Method for Determining the Sources of Error 
in the Results of Blast-Furnace Oreration. IF. Wesemann 
and K. Kessels. (Archiv fiir das Eisenhiittenwesen, 1949, 
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vol. 20, July—Aug., pp. 211-218). In drawing up balances 
for the materials going into and out of the blast-furnace 
discrepancies arise from inaccurate weighing of coke, ore, 
and scrap, and because the amount of slag is calculated and 
not determined by weighing. A method of determining the 
extent of such sources of error is described ; it incorporates 
checks on the iron balance, the carbon and gas balances, and 
the nitrogen and oxygen balances.—R. A. R. 


A Radio-Active Technique for Determining Gas Transit 
Times in a Driving Blast-Furnace. 2. W. Voice. (Journal 
of The Iron ard Steel Institute, 1949, vol. 163, Nov., pp. 
312-315). A new radio-active tracer technique is described 
to show how the transit time for gas in a driving blast-furnace 
can be measured. The results obtained in the first experiment 
on a 20-ft. dia. furnace are used to illustrate the method. Ex- 
tensive data will be necessary before full conclusions cen be 
drawn. and a detailed description of the technique is therefore 
given in order to stimulate similar trials. 

Viscosity of Blast-Furnace Slag of the North-West Plant. 
I. P. Semik. (Stal, 1947, vol. 7, pp. 876-879 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, June 10, col. 4196). This 
study was undertaken in preparation for the utilization of 
Kola Peninsula ores which are expected to yield rather un- 
usual slags containing up to 3594 MgO and around 25% AIO. 


Mixes were made up containing SiO, 25—-41-5%, Al,O 
13-55-259%, CaO 15-30-7%, and MgO 16-5-35%. The 





0 
viscosity of these mixes was measured at 1300—1690°. The 
results were tabulated and plotted on viscosity-temperature 
curves and compared with similar curves for three normal 
slags. These mixes represented anticipated slags from 

All the curves had 
abrupt bends at some temperature above which the viscosity 
At te mperatures below 
The te mperature 


corresponding to this point was taken to indicate the advisa 


possible charges utilizing two local ores. 


was low and the curve levelled off. 
this point, the viscosity rose very sharply. 


bility of using a given charge composition. 


The Viscosity of Blast-Furnace Slags. G. Behrendt ani 
T. Kootz. (Stahl und Eisen, 1949, vol. 69, June 9, py] 


399-403). A new and very simple viscometer consists of a 
split Sicromal crucible 90 mm. high with a 7 mm. hole in the 
bottom. The slag is heated in a carbon crucible and at 


1150? Cc. The viscosity is 
taken as the time in seconds for L g. of slag to pass through. 
The data correlated well with c.g.s. units obtained by othe 
methods. 
an acid slag more viscous and a basic slag less viscous. With 
slags low in alumina, magnesia had the opposite effect. In 
acid slags the marked thinning effect of titania was reduced 
by alumina. To obtain maximum effect with minimum 
additions, the titania and magnesia contents should be raised 


simultaneously, keeping the alumina low in acid slags and 


it is poured into the viscometer. 


Results for many slags showed that alumina made 


at over 10% in basic slags.—R. A. R. 


Gas Permeability of Charging-Skip Coke and the Efficiency 
of Blast-Furnaces. K. I. Syskov. (Stal, 1947. vol. 7, pp. 
869-876 [in Russian]: Chemical Abstracts, 1949, vol. 43, 
June 10, cols. 4195-4196). The gas permeability of coke 
fed into a blast-furnace affects the performance of the furnace 
greatly. Properly sized coke improves the run of the furnace 
even more than the quality of the coke. It also improves 
the chemical uniformity of the pig iron, lowers the quantity 
of limestone needed, reduces furnace dust, lowers the tempera - 
ture of throat gases, and permits a greater burden. Gas 
permeability is given by 1/h where / is the resistance offered by 
coke to the movement of gas. The h-value can be calculated 
from values of the volume of free space in a_ given 
quantity of coke and the surface of this quantity. For the 
purpose of these calculations the coke is sized into fractious 

- 80, 40-80, 25-40, and 0-25 mm. Assuming all othe 
conditions are equal, a blast pressure of 1-26 atm. and blast 
temperature of 630°, the effect of h on furnace productivity (A) 
is given by A 765/h 0-248. 

Behaviour oi Dense Coke in Blast Furnaces. M. Ya. 
Ostroukhov. (Stal, 1947, vol. 7, pp. 688-690 [in Russian 
Chemical Abstracts, 1949, vol. 43, June 10, col. 4195). Test 
were carried out with two kinds of coke with porosities of 
34-379, and 39-429. With the denser coke the oxidation 
zone extended farther (radially) and the temperature within 
the zone was higher than with the less dense coke. This 
fact caused the furnace to work harder and the charge to 
hang, 
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PRODUCTION OF STEEL 

New Works Experience in the Manufacture of Low-Nitrogen 
Steels by the Bessemer Process. W’. Bading. (Iron and Steel 
Institute, Translation Series, 1949, Oct., No. 385). This is 
an English translation of a paper which appeared in Stahl 
und Eisen, 1949, vol. 69, Mar. 31, pp. 221-223. (See Journ. 
I. and §8.I1., 1949, vol. 163, Oct., p. 222).—R. a. R. 

The Behaviour of Nitrogen in Acid and in Basic Small Side- 
Blown Converters. K. Daeves and W. Holtmann. (Verein 
Deutscher Eisenhiittenleute, 1944, Confidential Report No. 62). 
Steels made in large bottom-blown converters show a similar 
nitrogen distribution whether basic or acid. The nitrogen 
content of small side-blown converter steels is appreciably 
lower. Removal of nitrogen occurs during the course of the 
side-blown process. The cause of the difference lies in side- 
blowing, for the bulk of the melt is indirectly refined without 
contact with atmospheric nitrogen. Experiments showed 
that a basic side-blown converter enabled low-nitrogen steels 
to be produced at high final temperatures. (An English 
translation of this paper is available: see Iron and Steel 
Institute, Translation Series, 1949, No. 370).—c. w. A. 

The Flame Radiation of the Rasic Converter. G. Naeser 
and W. Pepperhoff. (Stahl und Fisen, 1949, vol. 69, June 9, 
pp. 391--398). 


the Bessemer converter and applying this to control the 
blowing time. For the infra-red range a monochromator 
with a quartz or rock-salt optical system, and for the visible 
range a quartz spectrograph were used. Up to the ‘ carbon 
drop’ the flame radiation consisted chiefly of CO, CO., and 
H.,O emissions. After the carbon drop the rays emanated 
from the fine solid particles in the flame. The manganese 
bands in the visible spectrum are unsuitable for control 
purposes as they are caused by secondary flame reactions. 
Flame temperature affects the radiation and this was deter- 
mined by two methods. The introduction of an empirical 
function enabled the phosphorus reaction to be followed 
quantitatively, but the results are valid only for limited 
movements of some of the factors affecting the reaction. The 
time to stop the blowing could be determined by this method. 
The fluctuating effect of certain factors on the decarburizing 
process are indicated by curves, and the importance of further 
research is stressed.—R. A. R. 

Increasing the Durability of the Open-Hearth Furnace. 
K. Radézwicki. (Hutnik, 1949, vol. 16, May—June, pp. 181- 
183). [In Polish]. The author gives a short review of 
thermal processes in the open-hearth furnace, discusses means 
of increasing the life, and makes practical suggestions in this 
respect.—w. J. W. 

Finished Steel Production ; Possible Increase from Existing 
Equipment. R. F. Passano. (American Iron and Steel 
Institute, 1949, May, Preprint). The methods of increasing 
steel production without additional plant and equipment 
include : (1) Preventing the occurrence of a half-filled ingot 
mould at the end of teeming from a ladle by using two sizes 
of mould and filling the larger ones first ; (2) regulating the 
pouring height in the ingot mould to ensure that the slab 
rolled from it will not be too long to enter the slab-heating 
furnace ; (3) reducing the percentage discard on shearing the 
as-rolled length of bars to the length specified in an order by 
controlling the length on the hot bed; and (4) rolling two 
ingots in close succession so as to spread the screwing-down 
time over two ingots instead of one.—R. A. R. 

Material Handling and Transportation in Open Hearth 
Operations. W. W. Bergmann. (American Iron and Steel 
Institute, 1949, May, Preprint). An illustrated account is 
siven of the equipment and methods employed by the Armco 
Steel Corp. for handling and transporting scrap, limestone, 
and slag to and from the open-hearth furnaces.—R. A. R. 

The Production of Quality Steels by the Slag Mixing Process. 
Ik. Herzog. (Verein Deutscher Eisenhiittenleute, 1944, 
Confidential Report No. 69). The Perrin process and the 
consumption of manganese in treatments with acid slags 
and dephosphorizing slags, are described, and the Grundhéfer, 
Krupp, and Brandenburg processes are compared. Tests on 
transformer steels made from completely dephosphorized 
basic-Bessemer melts, as well as open-hearth heats of Steel 52 
with a calcium silicon addition are reported. A comparison 
is made between refining in the open hearth, and by the 
Perrin process. The Grundhéfer process is a strong competitor 
of the Perrin process.—G. w. A. 
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A study was made of the possibility of 
measuring the energy distribution in the flame spectrum of 
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The Australian Steel Industry. W. P. Goodwin. (Métal- 
lurgie, 1949, vol. 81, June, p. 11). A brief note is presented 
on the development and present position of the Australian 
steel industry.—J. C. R. 

Special Steels and Their Evolution. P. Montereau. (Métal- 
lurgie, 1949, vol. 81, May, pp. 29, 31; June, pp. 19, 21). A 
brief note is given on the development of special steel pro- 
duction in France, with particular reference to the period 
1938—1948.—s. Cc. R. 

Production Reserves of Large Open-Hearth Furnaces. 
D. A. Smolyarenko and N. I. Efanov. (Stal, 1947, vol. 7, 
pp. 691-698 [in Russian]: Chemical Abstracts, 1949, vol. 
43, June 10, col. 4194). An analysis of the weight and 
composition of the charge, duration of melting, heating 
schedule, servicing of furnace, and quantity of metal was 
made for open-hearth furnaces of 185—-350-ton capacity at 
the Magnitogorsk and Kuznetsk mills. The analyses show 
that steel production in these furnaces can be increased by 
7 and 5-5%, respectively. 

Intensification of Open-Hearth Process by Blowing Air 
Into the Bath. M. Ya. Medzhibozhskii. (Stal. 1947, vol. 7, 
pp. 807-814 [in Russian]: Chemical Abstracts, 1949, vol. 43, 
June 10, col. 4194). The oxidation of impurities and the 
decarburization in an open hearth take place in an atmosphere 
deficient in oxygen. This slows down the operation of the 
furnace and necessitates the addition of ore and consequently 
also lime to slag the siliceous components of the ore. These 
additions reduce the temperature of the bath, thereby pro- 
longing the run still more. Tests were carried out on supply- 
ing oxygen to the melt by blowing air into it. The air was 
supplied through an iron pipe protected by fireclay and sub- 


merged about 300 mm. below the surface of the metal. The 
calculated volume of air required was 24 cu. m./min. The 
process was considerably accelerated. The rate of decer- 


burization increased from 0-017 to 0-083% carbon per min. 
and the run decreased from 5 hr. 8 min. to 3 hr. 53 min. 
Blowing of air had a good effect also on dephosphorization 
ef the metal. The manganese content was reduced to 
0-35-0-50%. The ferrous oxide in the slag was not affected 
greatly but the ferric oxide was substantially reduced as 
compared to runs where ore was added. The quality of the 
steel remained the same and perhaps somewhat improved. 
The nitrogen content in the steel was examined only super- 
ficially and although no undue amounts were noticed further 
study is required. The furnace was subject to greater wear, 
but this could be prevented by minor changes in design. 

The Use of Oxygen in the Ferrous and Non-Ferrous Metal- 
lurgical Industries. D.J.O. Brandt. (Journal of the Society 
of Glass Technology, 1949, vol. 33, Apr., pp. 103-119; 
June, pp. 176-187). In Part I the open-hearth steelmaking 
furnace is briefly described and compared with the glass-tank 
furnace. The use of oxygen to enhance the flame temperature 
is considered. It is concluded that the maximum permissible 
roof temperature is probably the most important factor 
limiting the widespread use of oxygen in non-ferrous process 
furnaces and glass tanks. Part IL is concerned with the use 
of oxygen as an oxidizing agent in metallurgical high- 
temperature furnaces, with special reference to the open- 
hearth steel furnace, the purification of copper, the production 
of alloy steels in the electric furnace, the blowing of con- 
verters, the blast-furnace, and the production of ferro- 
chromium in the electric low-shaft furnace.—R. A. R. 

Transfer of Gases to Metal throvgh Slag. V. I. Yavosskii. 
(Stal, 1947, vol. 7, pp. 796-807 [in Russian]: Chemical 
Abstracts, 1949, vol. 48, June 10, cols. 4196-4197). 

Diminishing the Heterogeneity of Rimmed Steel. Ya. A. 
Shneerov. (Stal, 1947, vol. 7, pp. 880-892 [in Russian] : 
Chemical Abstracts, 1949, vol. 428, June 10, col. 4200). The 
effect of bottle-top moulds, capping, and the quantity, time, 
form (powder, rods). and method (in mould or in stream) of 
added aluminium on the homogeneity of rimmed steel were 
studied. Bottle-top moulds and early capping reduced the 
heterogeneity by increasing the volume of the inner zone and 
reducing the thickness of the outer zone. Liquation was 
thereby displaced towards the centre of the ingot. Addition 
of aluminium toward the end of teeming or immediately after 
it had an effect similar to bottle-top moulds and capping. 
Best results were obtained by adding 150-200 g. of aluminium 
per ton 10-15 min. after teeming. This practice reduced the 
segregation of sulphur, phosphorus, and carbon in the ingot 
(the lower part was not so pure) which resulted in chemically 
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and mechanically more uniform billets. (The impact elasticity 
of the steel was improved thereby. 

Temperature of Metal and Carbon Content along the Depth 
of an Open Hearth. V.%. Kocho. (Stal, 1947, vol. 7, pp. 
698-701 [in Russian]: Chemical Abstracts, 1949, vol. 43, 
June 10, cols. 4194-4195). The temperature and the carbon 
content of the meta! were determined on the floor and at the 
surface (under the slag) of a 60-ton basie hearth 700 mm. deep. 
Preliminary tests showed that on the same level the tempera- 
ture of the melt differed very little throughout the hath. 
When, for seme reason, the bath cooled, a temperature 
vradient of up to 45°/m. was observed and the carbon content 
varied 0-14—0-18%. At a normal run, the temperature 
gradient did not exceed 10-15°/m. and the carbon content 
did not vary more than 0-02-0-04%. Normal run can be 
assured by intense stirring of the melt which depends largely 
on the rate of decarburization, depth of hearth. and the 
temperature and viscosity cf metal, all of which is determined 
by the intensity of boiling. Increasing depth of hearth 
impedes circulation of the melt. In the finishing period the 
temperature of the metal should he 30—60° and before tapping 
90-130° above the liquidus line. This is necessary to provide 
a reserve of heat to balance the heat losses during tepping, 
keeping in ladle, and teeming. 

Sulphur Control and Manganese Conservation in Open 
Hearth Furnaces. D. E. Babcock. (American Iron and 
Steel Institute, May 25-26, 1949, Preprint). The author 
considers the problems of sulphur control and conservation 
of manganese which confront American producers of iron and 
steel. The most probable quantitative relationships are 
deduced from an analysis of many published reports. For 
each ton of ingots produced 43-1 Ib. of manganese are con- 
sumed (36-3 Ib. as ore and 6-8 Ib. in the scrap) and of this 
only 29-39% is recovered. The recommendations made 
include: (1) Lower the manganese in specifications to the 
minimum required for the quality of the product. (2) Trans- 
fer manganiferous ores now used in basie furnaces to ferro- 
alloy furnaces. (3) Recover manganese from basic open- 
hearth slags by using them in the basic blast-furnace. (4) Use 
open-hearth slags, and Bessemer converter and ladle slags not 
otherwise consumed in order to make lower grade ferro- 
manganese for use in foundries. (5) Use only desulphurized 
or low-sulphur fuels. (6) Eliminate the wasteful reboiling 
of heats with spiegel where oxygen can be substituted. 
(7) Control sulphur by using sufficient lime, a higher flame 
temperature, and better combustion control so that manganese 
oxide is not required either for desulphurizing or as a flux for 
the lime.—nr. A. R. 

Whyalla’s Electric Steel Plant. (B.H.P. Review, 1949, 
vol. 26, June, pp. 16-17). An illustrated description is given 
of the steelmaking practice, using a 10-ton Heroult electric 
furnace, at Whyalla, South Australia.—R. A. R. 

Development of the Coreless Induction Furnace. L. Bem- 
porad. (Elettrotecnica, 1948, vol. 35, Oct., pp. 390-406 : 
Hlectrical Engineering Abstracts, 1949, vol. 52, May, p. 175). 
A detailed review is given of the literature, supplemented by 
information on design and performance obtained from 
continental and American manufacturers of this type of 
furnace. The paper is amply illustrated with sketches, photo- 
graphs, and diagrams. The advantages of this furnace, 
particularly in the manufacture of special steels, are listed, 
and special applications such as vacuum smelting and heat- 
treatment are briefly dealt with. A comparison is made 
with the performance of the are furnace. 

Apparatus for Determining the Flowability and Speed of 
Flow of a Stream of Liquid Metal. L. L. Kunin. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, July, pp. 870-872). [In 
Russian]. In the apparatus described, the liquid metal under 
investigation is made to flow down a channel in which graphite 
rings are disposed at equal intervals. As the flow reaches 
a given ring, it completes the circuit of an electric lamp, 
the light from which then impinges on a moving photographic 
plate, a time scale being provided by a periodically flashing 
lamp. The apparatus is said to have been successfully used 
with liquid cast iron and steel.—s. kK. 

The Combined Pouring of Basic-Besemer and Electric Fur- 
nace Steels. E. Ritter. (Stahl und Eisen, 1949, vol. 69, Apr. 
14, pp. 258-262). The production of steel equivalent to 
electric furnace quality was greatly increased at the Hiitten- 
werk Huckingen A.G. by a special process which is described. 
It consisted of mixing electric furnace alloy steel with an equal 


FEBRUARY, 1950 


231 


quantity of low-phosphorus (or low-phosphorus low-nitrogen) 
Bessemer steel. Details of the phosphorus and nitrogen 
contents and of the mechanical properties of samples from a 
large number of heats are given.—R. A. R. 

Slag Formation in the Melting Period of a Scrap Process. 
P. V. Umrikhin. (Stal, 1947, vol. 7, pp. 596-602 [in Russian] : 
Chemical Abstracts, 1949, vol. 43, Apr. 25, cols. 2910-2911). 
Of the materials comprising an open-hearth charge, the slag- 
forming components have the lowest thermal conductivity. 
The arrangement of the charge has a telling effect on the 
thermal processes and this problem was investigated on a 
number of variations which can be roughly classified according 
to the location of the slag-formation components ; (a) On top 
of the metal ; (b) on the floor of the hearth ; and (c) interlayed 
between layers of metal. As judged from the duration of 
the melting process (a) was the least efficient while (c) was 
the most efficient. The interlaving of the slag materials gave 
a normal slag characterized by a rising concentration of 
ealecium. Such a slag ensured minimum gas and phosphorus 
in the metal. 

Influence of the Solidification Range on the Fluidity of 
Steelmaking Slags. P. Bastien. (Comptes Renduns, 1949, 
vol. 229, July 4, pp. 50-51). The acid open-hearth slags 
experimented with belonged to the MnO-SiO,—FeO system, 
with about 8°;, of FeO and 46-57%, of SiO,. The fluidity 
was determined by Herty’s method of pourirg the slag into 
a cylindrical channel and measuring the length reached by 
the time flow ceased. No relation between this fluidity and 
temperature of pouring could be found, but a clear connection 
between the fluidity end the SiO, content, which in these 
slags corresponde dd to the range of solidification, was observed ; 
as the range increased the fluidity decreased.——A. FE. C. 

Fused Silicates as Microheterogeneous Electrolytes. O. Esin. 
(Bulletin de Académie des Sciences, U.R.S.S., Classe des 
Sciences Chimiques, 1948, pp. 561-567 [in Russian] : Chemical 
Abstracts, 1949, vol. 43, Apr. 25, cols. 2909-2910). 

Study of the SiO.-A!.0,—CaO System by Quantitative X-Ray 
Analysis. M. von Fuw. (Comptes Rendus, 1949, vol. 22s, 
Apr. 4, pp. 1226-1228). The results of quantitative X-ray 
analyses on five slags, two of which were industrial products, 
falling within the zone of the primary phase C,S in Rankine’s 
equilibrium diagram, are presented. The analytical method 
of Clark and Reynolds used is based on the 
of the relative intensities of pairs of characteristic rays and 
of the relative contents of the corresponding constituents ; it 
assumes that the optical density of the rays is proportional 
to the intensity of the X- rays received a unit surface, which 
is true up to a density of 0- 1.—A. E. 

An Optical and X-Ray Braminotion of the Basic-Slag 
Mineral Silicocarnctite. D. P. Riley and E. R. Segnit. 
(Journal of the Mineralogical Society, 1949, vol. 28, Mar., 
pp. 496-504). The investigations described show that 
silicocarnotite occurs in only one modification—ort horhombic. 
It is found in basic slags rich in phosphorus, and has the 
formula 5CaO.P,O,.S8i,0..—R. A. R. 

The Importance of Ingot Casting in Steel Production. G. 
Calbiani. (Metallurgia Italiana, 1948, vol. 40, S« pt. -Oct., 
pp. 177-187: [Abstract] Metals Review, 1949, vol. 22, Feb., 
p. 20). The author discusses the influence of the method 
of casting on the quality of the product and considers some 
of the factors involved such as the size of ingots, rate of 
cooling, and composition of moulds, 

Relationship between the Degree of Saturation and the Life 
of Steelworks Ingot Moulds. W. Gilde. (Die Technik, 1949, 
vol. 4, Apr., pp. 169-170). Data relating the life of 400 ingot 
moulds to the degree of carbcen saturation (i.¢., total earbon/ 
(4-23 — 0-31 Si)) are reported. The life increases rapidly with 
increasing saturation from 0-88 to 0-95. A high phosphorus 
coatent (up to 0-25%,) is not detrimental ia itself, but only 
when the saturation is less than 0-90.-—R. A. R. 

PRODUCTION OF FERRO-ALLOYS. 

Processes in the Hearth of a Ferrosilicon Furnace. V. P. 
Remin. (Stal, 1947, vol. 7, pp. 702-706 [in Russian]: 
Chemical Abstracts, 1949, vol. 43, June 10, col. 4195). 

Study of High-Percentage Ferrosilicon. A. A. Trots and 
M.S. Maksimenko. (Journal of Applied Chemistry, U.S.S.R., 
1948, vol. 21, pp. 775-780 [in Russian] : Chemical Abstracts, 
1949, vol. 43, Apr. 25, col. 2913). 

Material- and Heat-Balance of a Ferro-Silicon Smelting Arc 
Furnace. 8. I. Khitrik. (Stal, 1947, vol. 7, pp. 603-609 [in 


» proportionality 
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Russian]: Chemical Abstracts, 1949, vol. 43, May 10, cols. 
3295-3297). The balances were compiled for furnaces 
smelting 75% and 45% ferrosilicon. The thermal efficiency 
was around 50% and the overall efficiency around 46%. 
The principal heat losses were through the furnace gases and 
radiation of the charge hole. These losses can be lowered 
by providing a hood over the furnace and utilizing the furnace 


gases. 
FOUNDRY PRACTICE 

Operating Technique for a Cupola Fired with Poor Quality 
Coke. T. Sato and K. Horikawa. (Tetsu to Hagane, 1947, 
vol. 33, July-Sept., pp. 4-12 [in Japanese]: [Abstract] 
Centre de ry umentation Sidérurgique, Bulletin Analytique, 
1948, vol. Dec., p. 20). (1) The temperature of the iron 
increases with the proportion of coke in the charge and the 
volume of the blast. (2) The carbon dioxide content of the 
gases decreases as the temperature increases. (3) The position 
of the melting zone varies with the height of the charge 
and the volume of the blast. (4) The rate of melting increases 
with the volume of the blast, and diminishes when the weight 
of coke in the charge is increased. (5) When a poor quality 
coke is used the height of the charge above tuyere level must 


be equal to the diameter of the cupola, and the volume of 


the blast must be 11, 55, or 80 cu. m./min. according to the 
capacity of the cupola (4. 3, or 5 tons). 

The Production of Modified Cast Iron. J. C. Mackiewicz. 
(Hutnik, 1949, vol. 16, Mar.—Apr., pp. 102-112). [In Polish]. 
After a brief introduction to the question of the production 
of modified cast iron from the metallographic point of view. 
the author discusses the theories advanced by various workers 
in this field. 
production, and summarizes the practical instructions given 
to obtain various types of modified cast iron : some of these 
instructions are based on the author’s own experience. 

W. J. W. 

Short Review of a New Application of the Electric Furnace. 
A. Amoros. (Metalurgia y Electricidad, 1948, vol. 12, No. 136, 
pp. 47-49 : Chemical Abstracts, 1949, vol. 43, June 10, col. 
4145). The electric furnace used in the cast iron foundry is 
described. 

Qualitative Indices in Steel Foundries. J. Piibyl. (Hutnick¢ 
Listy, 1949, vol. 4, No. 1, pp. 10-13; No. 2, pp. 48-50). 
{In Czech]. The problems of assessing and _ increasing 
productivity in steel foundries are dealt with. The intro- 
duction of group tasks and the payment of premiums for 
production and quality are advocated. Foundries should 
not hesitate to return drawings of unsuitably designed parts 
to the designers and recommend changes. The importance 
of correct gating is stressed. It is emphasized that only a 
thin layer of moulding sand is to be used to cover the pattern, 
with ordinary filling sand for the rest of the mould. The 
conswnption of moulding sand in Czech stee! foundries varies 
between 800 and 1700 kg./ton of castings. Payment of 
premiums for economy in raw materials is suggested.—n. ¢ 

Proposed Rapid Method for the Determination of the 
Humidity of Foundry Sands. A. Knappwost. (Publica- 
tions Inst. Rech. Sci. Tettnang, 1947, Jan.—Apr.. pp. 46-52: 
[Abstract] Centre de Documentation Sidérurgique, Bulletin 
Analytique, 1948, vol. 5, Deec., p. 26). 
using dielectric constants and measurement of loss factors 
to determine the humidity of foundry sands is explored. A 
description is given of a method of determination by neutraliz- 
ing by a salt solution the effect of ions in water ; the apparatus 
used and the procedure to be followed are described. The 
addition of a binder to the moulding sand enables a single 
standard curve (humidity/intensity of current) to be used 
for all foundry sands. 

An Automatic Machine for Determining Clay Substance in 
Moulding Sands. G. V. Cullen and J. F. Marshall. (Journal 
of the Council for Scientific and Industrial Research, 1948, 
vol. 21, Aug., pp. 197-201). An automaticelly operated 
machine which separates by sedimentation particles of dif- 
ferent sizes is described. Its application to the determination 
of clay substance in moulding sands is discussed. Results 
obtained by this machine and by hand methods are compared. 

R. A. R. 

Scabbing Tendencies of Molding Sands. (American Foundry- 
men’s Society, 1949, Preprint No. 38). An account is given 
of experimental work on the investigation of the scabbing 
tendencies of moulding sands. Preliminary work suggests 
that tests of dry compressive strength, hot compressive 
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The possibility of 


strength, and the maximum strain value of green compression 
specimens provide data which can be correlated with the 
presence or absence of scabs on castings produced in the 
laboratory.—J. C. R. 

A Review of the Natural Drying Oils. T. P. Hilditch. 
(British Iron and Steel Research Association, Conference on 
Foundry Core-Bonding Agents, Oct., 1948, pp. 5-7). The 
two acids which, as glycerides, are responsible for the drying 
power in the vegetable oils are linoleic and linolenic acids ; 
the former has two double bonds in the molecule, while the 
latter has three. If an oil is required which will polymerize 
and autoxidize quickly, one rich in linolenic glycerides must 
be used. 

The possible alternatives to linseed oil are conophor, candle- 
nut, rubber-seed, castor, and perhaps stillingia oils ; the two 
most likely substitutes are castor oil and rubber-:eed oil. 

R. A. R. 

The Supply of Oils. E. B. Harvey. (British Iron and Steel 
Research Association, Conference on Foundry Core-Bonding 
Agents, Oct., 1948, pp. 7-9). The method of control of oils 
and fats by the Ministry of Food is explained with special 
reference to the supply of linseed and castor oils.—nr. A. R. 

The Theory and Practice of Bonding. J. White. (British 
Iron and Steel Research Association, Conference on Foundry 
Core-Bonding Agents, Oct., 1948, pp. 10-17). Data on the 
green and dry strengths of cores bonded with linseed oil, 
tall oil esters, mixes containing 2% synthetic drying oils, 
eastor oil, petroleum extract plus linseed oil, urea formalde- 
hyde resins, styrene copolymer, and carbohydrates are 
presented and discussed. The importance of primary bonding 
as against secondary is shown. The type of structure pro- 
duced is also important ; thus, all the materials comprising the 
highest strength group appear to be such as give continuously 
linked three-dimensional networks.—R. A. R. 

Plastic Materials as Bonding Agents. J. M. J. Kstevez. 
(British Iron and Steel Research Association, Conference on 
Foundry Core-Bonding Agents, Oct., 1948, pp. 20-24). The 
advantages and disadvantages of urea formaldehyde and 
phenol formaldehyde resins as core binders are listed and 
critically examined.—Rr. A. R. 

Petroleum Derivatives as Bonding Agents. H. K. Whalley. 
(British Iron and Steel Research Association, Conference on 
Foundry Core-Bonding Agents, Oct., 1948, pp. 24-27). The 
products obtained by refining petroleum are briefly reviewed, 
and the use of petroleum aromatic extracts to replace up to 
40% of the linseed oil in core oils is discussed with data on 
the properties of such oils and cores made with them.—k. A. kh. 

Gases Evolved from Cores. W. M. Lord. (British Iron 
and Steel Research Association, Conference on Foundry Core- 
Bonding Agents, Oct., 1948, pp. 28-31). An attempt is made 
to summarize some of the available information on the many 
substances which may be yee by the thermal de- 
composition of organic binders.—R. A. 

The Application of New Materials to Core-Bonding in the 
Steel Foundry. H. FE. Crivan. (British Iron and Steel 
Research Association, Conference on Foundry Core-Bonding 
Agents, Oct., 1948, pp. 31-34). The results of trials using 
new core-bonding agents in a steel foundry are presented. 
Castor oil successfully replaced linseed oil in semi-oil sand 
mixtures for very light castings. Tall oil, glyceryl ester 
No. 5218, and tall oil, pentaerythritol ester No. 5219, were 
successful for light and medium-weight castings. These three 
oils gave off a strong odour. Styrene copolymer medium, 
8.A. 5409, gave friable cores and was liable to cause scabbing. 
Urea formaldehyde Bettle resin, L 483, was satisfactory for 
very light castings, but also had a strong odour. Plastic 
resin LRX 1022 (a phenol formaldehyde) mixed with 50% 
cereal gave good results in light castings.—Rr. A. R. 

Core-Binders in the Iron Industry. E. C. Dickinson. 
(British Iron and Steel Research Association, Conference on 
Foundry Core-Bonding Agents, Oct., 1948, pp. 35-36). The 
use of core binders in iron foundries is reviewed. Synthetic 
resins are admirably suited for baking by the high-frequency 
dielectric loss method ; the thermo-setting resins dry com- 
pletely, and, as the setting proceeds, the electrical load is 
reduced.—R. A. R. 

Core-Bonding Practice Abroad. W. M. Lord. (British 
Iron and Steel Research Association, Conference on Foundry 
Core-Bonding Agents, Oct., 1948, pp. 43-45). Foreign 
research during the last decade on core-bonding agents is 
briefly reviewed.—-R. A. R. 
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Dielectric Loss Heating and Its Possible Future Application 
in the Foundry Industry. C. E. Tibbs. (British Iron and 
Steel Research Association, Conference on Foundry Core- 
Bonding Agents, Oct., 1948, pp. 48-49). The advantages of 
dielectric loss heating for foundry cores are pointed out and 
an American and a British installation, with capacities of 
500 Ib. and 15 cwt. of cores per hour respectively, are briefly 
described.—R. A. R. 

Infra-Red Heating by Electricity. J.C. Lowson. (British 
Iron and Steel Research Association, Conference on Foundry 
Core-Bonding Agents, Oct., 1948, pp. 49-51). The advan- 
tages and disadvantages of infra-red heating by electricity 
are pointed out.—R. A. R. 

Infra-Red Heating by Gas. A. C. Jennings. (British Iron 
and Steel Research Association, Conference on Core-Bonding 
Agents, 1948, Oct., pp. 51-52). Tests were made to compare 
core-baking in a forced convection core stove and in a gas- 
fired infra-red core tunnel 24 in. in dia. Small cores not 
exceeding | in. in maximum thickness required 75 min. in 
the former and 14 min. in the latter. For thicknesses over 
1 in. low permeability indicated insufficient curing within the 
core. Large differences in cross-section made impossible the 
satisfactory drying by infra-red. One core must not be 
allowed to shade another from the direct infra-red rays. 

R. A. R. 

Core-Blowing. W.West. (British Iron and Steel Research 
Association, Conference on Foundry Core-Bonding Agents 
Oct., 1948, pp. 53-54). The advantages of core-blowing, 
in particular the American method of introducing the sand 
vertically, are pointed out: These include: (1) The cost of 
core-making is halved ; (2) core sand mixtures can be simpli- 
fied ; (3) green bond strength is not of outstanding importance ; 
(4) the permeability of the cores is very greatly improved, and 
the consistency is an outstanding characteristic ; and (5) tur- 
bulence of the metal during casting is entirely eliminated. 

R. A. R. 

Plastic Binders for Foundry Sand Practice. H. K. Salzberg. 
(American Foundrymen’s Society, 1949, Preprint No. 18). 
The adhesive properties of thermosetting resins are adaptable 
to bonding of foundry sand cores and dry sand moulds, with 
advantages traceable to these properties. Ready response to 
heat at low temperatures is an important characteristic in 
drying by means of infra-red or high-frequency methods. 
Principles useful in formulating core sand mixes with plastic 
binders are defined, and means of improving green strength 
and workability of core sand mixes are disclosed. Both urea 
and phenol resin types of binder have been investigated with 
particular reference to their use for actual jobs. Any advan- 
tages observed are described and explained. An account is 
given of types of castings which are particularly suited to the 
use of plastic-bonded cores. 

Modern Foundry Core and Mold Ovens. ©. A. Barnett. 
(American Foundrymen’s Society, 1949, Preprint No. 36). 
An illustrated description is given of modern foundry core and 
mould ovens and their operation. It is emphasized that 
properly selected core-baking and mould-drying equipment 
enables foundries to minimize casting losses, increase output 
of castings, economize on core oven fuels, materials and 
labour, and make the most effective use of floor space.—J. C. R. 

Dielectric Core Baking. J.\W.Cable. (American Foundry- 
man, 1949, vol. 15, May, pp. 99-104). A detailed account 
is given of dielectric core-baking practice.—J. C. R. 

High Production Patterns. V. J. Sedlon. (American 
Foundryman, 1949, vol. 15, May, pp. 54-57). Factors that 
cause variations in pattern-making practice where high 
production rates are involved, are discussed.—J. C. R. 

The Pattern Shop. S.Jane. (Institute of British Foundry- 
men: Foundry Trade Journal, 1949, vol. 87, Sept. 22, pp. 
371-375). The organization of a pattern shop is disc ss 
with special reference to storage and a suitable card index 
for the patterns.—R. A. R. 

Roll Founding. W.G. Scott. (West of Scotland Iron and 
Steel Institute, Nov., 1948, Fonaiie’ : Foundry Trade Journal, 
1949, vol. 86, Jan. 20, pp. 47-53 ; Iron and Steel, 1949, vol. 
22, Jan., pp. 11-16; Blast Furnace and Steel Plant, 1949, 
vol. 37, Apr., pp. 447-451; May, pp. 550-552). A detailed 
description is given of the foundry practice for making ecast- 
iron and steel rolling-mill rolls at the works of R. B. Tennent 
Ltd., Coatbridge.—Rr. A. rR. 

Construction of Cast Iron Equipment. J. N.. Bewsher. 
(Industrial Chemist, 1949, vol. 25, Apr., pp. 219-221, 224; 
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May, pp. 262-264). Problems in the design, moulding, and 
casting of large cast-iron pans and vessels for the chemical 
industry are discussed.—R. A. R. 

Moulding and Casting Process for a Series of Large Cast Iron 
Flywheels. F. Forti. (Metallurgia Italiana, 1949, vol. 41, 
Mar.—Apr., pp. 57-62). Flywheels cast one at a time were 
found to be unsound owing to internal cavities. A new 
method of casting is described, in which six moulds are 
placed one above the other and the metal is poured 
through one gate which also acts as a shrink head. Sound 
castings were obtained by this method with a better output 
and reduced moulding time. Liquation in the castings and 
its causes are discussed.—R. F. F. 

Production of Spun Cast Iron Pipes. R. J. Delaney. 
(Australian Gas Institute: Australasian Engineer, 1949 
Apr. 7, pp. 44-48). A description is given of the centrifugal 
casting of cast-iron pipes as practised by Australian Lron and 
Steel Ltd., Port Kembla. Molten iron produced in a cupola 
is poured from a transfer ladle into the casting-machine ladle 
which is hydraulically tilted so as to maintain a constant 
pouring rate. A water cooling-box surrounding the spinning 
mould travels slowly down it as the metal is poured. The 
combination of the axial and circumferential movements 


causes a continuous spiral of molten iron to be deposited on 
the inner surface of the mould where it rapidly solicitie 
owing to the heat extracted by the cooling box. Subsequent 
operations include dressing, dipping, testing, weighing, and, 
if required, lining with cement.---R. A. R. 

Castings for Presses Cover Wide Range of Sizes. KE. Bremer. 


(Foundry, 1949, vol. 77, June, pp. 92-95, 248-249). An illus 
trated account is presented of practice at the Toledo found 
plant of K. W. Bliss Co., 
latch weighing $ Ib. to a press bed weighing 65 
produced. * R, 

Planning for Foundry Production. W. B. Atchison, jun 
(Foundry, 1949, vol. 77, June, pp. 84-87, 240-246). A system 


where castings ranging from a togg! 


tons 


is outlined for planning oma operations so that production 
ean be carried out with the maximum efficiency. ca imen 
work sheets and planning charts are shown.—-J. Cc. 


Fourdries—-Past and Present ; Their Transition sin Manual 


to Mechanical Operation. W. H. Worrilow. (Journal of th 
Franklin Institute, 1949, vol. 247, May, pp. 473-482). Phe 
pe atin offers glimpses of foundry work as obtained from the 


very earliest records and briefly follows its progress to t 
present time. R. A. R. 

The Cooling of an Ingot in ‘ Water-Casting.’ W. Rot 
(Iron and Steel Institute, 1949, Translation Series, No. 354, 
pp. 1-19). This is an English translation of a paper whit 
appeared in Aluminium, 1943, vol. 25, July—Aug., pp. 25: 
291. The shape of the solidification front and the cooling 
after solidification has taken place are calculated in a simpl 
manner for a flat and a round ingot and the results are 
confirmed by experiments. The VLW imethod, known as 





*‘ water-casting ’ which is used in light-metal foundries 
In this method a very short wubeeseotieel mould 


ration 


described. 
is used and a fine-grained, dense ingot free from segreg 
is produced. R. A. R. 

The Theory of Continuous Casting. .\. N. Tikhonov and 
E. G. Shoidovski. (Iron and Steel Institute, 1949, Translation 
Series, No. 384, pp. 20-27). This is an English translation 
of a paper which appeared in Journal of Technical Physics 
U.S.S.R., 1947, vol. 17, No. 2, pp. 161-176. The method oi 
casting described comprises pouring the metal into a water- 
cooled mould the bottom of which is closed by a movable 
platform. As soon as a solid crust of metal has formed 
over the bottom this placform is slowly lowered and the 
metal is continuously cooled by the water on the outside of 
the mould walls. The paper is mainly mathematical, and its 
purpose is to calculate the stationary position of the soliditi- 
cation front for a constant rate of extension of the cast, and 
to analyse the factors determining the shape of the — 


The Influence of Hydrogen on the Formation of seswhelen 
in Castings. T. Katsugase. (Tetsu to Hagane, 1947. vol. 
33, Jan.—Mar., pp. 10-12 [in Japanese]: [Abstract] Centr 
de reo Sidérurgique, Bulletin Analytique, 1945, 
vol. Dec., p. 25). 

Correlation between the Degree of Saturation and the Cooling 
Rate of Hypoeutectic Cast Irons. ©. Bordoni. (Metallurgia 
Italiana, 1949, vol. 41, July—Aug., pp. 185-189). The author 
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suggests a method of calculating the degree of carbon satura- 
tion in cast iron, 
elements (such as phosphorus, silicon, aluminium, titanium, 
nickel, manganese, chromium, and vanadium) which will 
ensure the physical properties required by the designer for 
the average thickness of the casting. He also discusses the 


effect of the speed of cooling in relation to the thickness of 


the casting and the thermal] conductivity of the sand.—Rr. F. F. 


HEATING FURNACES AND SOAKING PITS 

Maximum: Ingot Yield by Proper Planning. W. G. Smith. 
(Iron and Steel Engineer, 1949, vol. 26, June, pp. 96-99) 
The author emphasizes the importance of planning when 
converting steel ingots into rolled products. Among the 
factors considered are the size, shape, and weight of the ingot, 
proper soaking-pit treatment to enable the correct tempera- 
ture for rolling to be achieved and to keep the ingots free 
from liquid slag, proper alignment of the rolls, and proficiency 
in the reconditioning department.—r. c. R. 

The Rated Fuel Consumption of Smail Forge Furnaces. 
P-O. Veh. (Stahl und Eisen, 1949, vol. 69, July 21, pp. 
514-519). An investigation of 65 forging furnaces of widely 
differing types and dimensions yielded ‘data from which a 
relationship between heat consumption and internal surface 
area could be established, and curves could be plotted for the 
relationship between the heat taken up inside a furnace and 
its capacity. These curves make it possible to compare 
furnaces of different types and dimensions. Recommenda- 
tions are made on constructing designed-consumption curves 
for gas-fired forging furnaces. (See Iron and Steel Institute, 
Translation Series, No. 389).—-R. A. R. 

A New Electric Furnace. The Pechiney-Cartoux Three- 
Phase Rocking Are Furnace. H. Cartoux. (Journal du 
Four Electrique, 1949, vol. 58, Jan.—Feb., pp. 13-15 ; Mar.— 
Apr., pp. 33-36). The design and operation of the Pechinev- 
Cartoux three-phase rocking are furnace are described. This 
type of furnace is designed with capacities of between 12 ewt. 
and 10 tons. The three arcs are at 120° to each other, and 
the atmosphere used can be controlled. The furnace is also 
automatically regulated.—R. F. F. 

Mechanized Furnaces. K. Walach. (Hutnik, 1949, vol. 
16, Jan.—Feb., pp. 38-44). [In Polish]. Some types of 
mechanized furnaces used in forging and heat-treatment 
plants are described and discussed. Materials for the con- 
struction of furnaces for temperatures up to 1100°C. are 
considered.—w. J. w. 

Variety of Furnaces Used in Fabricated Pipe Production. 
A. Q. Smith. (Industrial Heating, 1949, vol. 16, June, pp. 
996, 998, 1000, 1002, 1004). The Midwest Piping and Supply 
Co., St. Louis, Mo., uses a variety of gas-fired furnaces, such as 
forge furnaces, pipe-bending furnaces, and annealing furnaces 
of car-bottom type, for its production of carbon and alloy 
steel tubes.—.. P. s. 

HEAT-TREATMENT AND HEAT-TREATMENT 

FURNACES 

Mechanism of Decarbonization in the Treatment of Steel. 
A. Bargmone and F. Rinaldi. (Tecnica Italiana, 1948, vol. 3 
pp. 319-326: Chemical Abstracts, 1949, vol. 43, May 25, 
col. 3759). The physicochemical conditions of the de- 
carburization process in liquid steel in electric and open-hearth 
furnaces are investigated. Present hypotheses are examined 
to establish the slowest rate-determining step of the process, 
the overall equation for which is given as FeO + C — Fe 
+CO—AH. In homogeneous phase, formation of liquid 
iron and of gaseous CO, takes place with rates of the same 
order of magnitude, depending on general variables such as 
furnace conditions or dress. The temperature dependence 
of the overall rate is expressed hy a pseudo-Arrhenius 
equation : 

k= (A/T) B (A, B constants) 

Planning a Cyanide Heat Treating Layout. P. D. Lilly. 
(Steel Processing, 1949, vol. 35, June, pp. 323-326). The 
basic layout described in this paper comprises a loading 
station, degreasing tank, preheating and cyaniding pots, oil- 
quench and wash tanks, and unloading bench ; all served by 
the same overhead runway and air hoist. Types of jig are 
also described, and arrangements for disposing of cyanide- 
containing weshes are suggested.— J. P. s. 

Dew Point vs. CO, as Furnace Atmosphere Centro) Check. 
W. T. Groves. (Industrial Heating, 1949, vol. 16, June, pp. 
966-980, 1086). The author uses gas equations connecting 
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the partial pressures of CO and CO, with the carbon content 


of material with which they wil! be in equilibrium. The 
hydrogen/water-vapour ratio besrs a constant relationship to 
the CO/CO, ratio and therefore the dew-point, which can be 
easily determined, can be used to help work out the latter 
ratio, given the dew-point, and the hydrogen and carbon 
monoxide contents.—-J. P. S. 

The Heat-Treatment of High-Speed Steel Woodworking 
Machine Knives. (Gas Heat in Industry, 1949, June, pp. 
273-277). A description is given of the heat-treatment plant 
installed by Elsworth, Ltd., Sheffield, for hardening and 
tempering the knives used in woodworking machines.—k. A. R. 

The Surface Treatment of Steel by Means of H.F. Induction 
Heating. K. Kegel. (Elektrotechnik, 1948, vol. 2, Oct., 
pp. 285-291 : Electrical Engineering Abstracts, 1949, vol. 52 
May, p. 175). Induction heating offers a method of accurately 
controlling the depth of surface-treated layers. Valve 
generator circuits are described for frequencies of 100-500 
ke./sec. and loadings of 20-200 kW. The application to the 
hardening of small and complicated machine parts and tools 
is discussed with special attention to the hardening of spur 
wheels. 

Multi Purpose Induction Hardening Units. (Machinery, 
1949, vol. 75, Sept. 22, pp. 413-415). A Ferranti-Wild- 
Barfield induction-hardening unit capable of handling various 
types of component varying in size between 3 in. and 3 in. 
dia., in lengths of up to 8$ in. is described.—R. F. F. 

Induction nee Successfully Applied ra Large Steel 
Bearing Races. . H. Lauderdale. (Materials and Methods, 
1949, vol. 30, cy pp. 57-60). Roller paths 82 in. dia. 
have been hardened with various shapes of inductor. Satis- 
factory hardening was obtained, but the use of an inductor 
at an angle to the radius produced some out-of-roundness, 
greater than in the case of a radial inductor ; stress-relieving 
treatment indicated a surface shrinkage stress in all cases, 
but produced the desired dimensional stability.—J. P. s. 

Induction Annealing of Light Steel Stampings Increases 
Production, Cuts Costs. H. KR. Clauser. (Materials and 
Methods, 1949, vol. 29, June, pp. 51-53). It was found 
economical to apply induction heating to the annealing of 
small parts for motor cars before cold-forming them, and for 
the selective heating ahead areas which are to be subjected 
to severe deformation.—-R. A. R. 

Preventing Acicular Fracture in Hadfield Steel. V. D. 
Sadovskii, M. M. Shteinberg, 8S. I. Baranchuk, and G. N 
Bogacheva. (Stal, 1947, vol. 7, pp. 937-940 [in R Aero 
Chemical Abstracts, 1949, vol. 43, June 10, col. 4201). In 
casting Hadfield steel, some castings had a coarse-grained 
acicular fracture. This structure did not actually change 
even after hardening. To eliminate it the metal, prior to 


hardening heating, was preheated at 500—600° for 20-25 hr. 
to change the austenite into pearlite-troostite. Not all of 


the austenite needed to transform ; decomposition of 50-60% 
of the austenite sufficed. Subsequent heating for hardening 
changed the original coarse-grained and particularly the 
acicular structure into a uniform small-grained structure. 

Some Data on the Heat Treatment of a 2%, C and 18% Cr 
Steel. C. Sapegno and G. Magliano. (Metallurgia Italiana, 
1949, vol. 41, Mar.-Apr., pp. 67-70). | The results of a series 
of tests carried out on a 2°, carbon 13% chromium steel are 
given. The purpose of this investigation was to find out the 
most suitable heat-treatment for the various applications of 
the steel.—Rr. F. F. 

Grain-Size Control in Steel. B. R. Nijhawan. (Transactions 
of the Indian Institute of Metals, 1949, vol. 1, Apr., pp. 
53-71). The principal differences between coarse and fine- 
grained steels are outlined, and grain-size control and its 
practical application are discussed. The McQuaid-Ehn 
carburizing test and the Shepherd penetration-fracture test 
for tool steels are methods of determining grain-size, and 
these are described.—Rr. A. R. 

Homogeneous Carburizing. 0. E. Cullen. (Iron Age, 1949, 
vol. 164, Aug. 11, pp. 83-87, 130, 132). Homogeneous 
carburizing consisus of the complete carburization of articles 
of small cross-section, such as wire, stampings, and so on, 
of low-carbon steel. The difference between this and normal 
surface carburization lies in the ‘carbon potential’ of the 
furnace atmosphere which is so adjusted that the carbon 
content cannot build up, even at the surface, beyond that 
required throughout the work. In the control of this atmo- 
sphere which is made up of carbon monoxide, hydrogen, and 
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nitrogen, and also contains water vapour, the dew-point is 
found to be a useful index of the carburizing power and the 
temperature required. 
varying cross-section accurately carburized to a uniform 
composition.—.. P. Ss. 
Problems in Heat Treating. H.C. Boyer. (Steel Process- 
ing, 1949, vol. 35, Apr., pp. 203-206, 215 ; May. pp. 257-260). 
The author first considers the risks of cracking in the heat- 
treatment of carbon and alloy steels, observing that it is 
least where the cementite exists in a spheroidized form and 
greatest in a pearlitic structure. He then explains the use 
of the T.T.T. diagram or S-curve, pointing out that by correct 
understanding of this, risks of cracking can be minimized. 
He next deals with the causes of growth and distortion in 
heat-treatment, especially in carburization and _ nitriding 


where there is growth in the case due to the addition of 


material and in the core due to the transformation of the 
austenite. The relief of the residual stresses caused by 
previous machining, non-uniform heating and cooling, and 
incorrect location of parts in the furnace so that they bend 
under their own weight, may all contribute to distortion. 
For removal of the first cause, a stress-relieving anneal is 
advocated ; martempering will prevent distortion in quenching. 
The author considers that the use of up-to-date equipment, 
such as immersed-electrode salt-bath furnaces, and atmosphere 
controlled furnaces, will go a ne way towards solving the 
heat-treater’s problems.— J. P. 

Special Handling during Heat Treating Minimizes Dis- 
tortion in Long Bars. I. H. Bremer. (Industrial Heating, 
1949, vol. 16, May, pp. 780-788, 928). Special equipment 
has been installed by the Spang-Chalfant Division of The 
National Supply Company for the heat-treatment of steel 
drill collars up to 54 ft. long. A car-bottom furnace 64 ft. 4 in. 
long X 11 ft. wide x 11 ft. 9 in. high (outside dimensions) 
is fired with natural gas. The car rails extend outside the 
furnace parallel with the oil-quenching tank. The bars are 
lifted and lowered by a * handling fork > made up of 13 welded 
fingers. The equipment has lg successful in reducing 
distortion to a minimum.—R. _s 

Town’s Gas in the Senadnetene of Engineers’ Files. (Gas 
Heat in Industry, 1949, May. pp. 240-243). Gas heating is 
applied for heating file steel for forging as well as for annealing, 
hardening, and tempering. Some of the equipment is 
described and illustrated.—R. A. R. 

Assembling Metal Parts by Shrink Fitting. ©. Deschars. 
(Materials and Methods, 1949, vol. 29, May, pp. 64-67). 
The process of shrink fitting using liquid nitrogen as the 
cooling medium is described. Data on the expansion, con- 
traction, and consumption of liquid nitrogen for a number of 
metals and alloys are given. For steel the average specific 
heat between 60° and 320° F. is 0-110, and 249 ¢.c. of 
liquid nitrogen are required to cool] 1 Ib. for shrink fitting. 
The linear contraction ot a 1l-in. length of 0-20° carbon steel 
cooled from -+- 60° to — 320° F. is 0-0022 in.—Rr. A. R. 

Case Hardening Automobile Parts. M. Neumeyer. (Iron 
Age, 1949, vol. 164, July 14, pp. 100-104). An installation 
for gas-cyaniding automobile parts of a wide variety of shape 
is described. it consists of chamber through which a 
mixture of cracked ammonia and propane is circulated ; from 
a vestibule of this chamber the material is oil-quenched 
without loss of gas. Costs are compared with previous 
cyanide-pot practice, and great savings are recorded.— J. P. Ss. 

Casehardening Steels in Cyanide-Containing Salt Baths. 
Ff. D. Waterfall. (Metallurgia, 1949, vol. 40, May, pp. 29-36, 
43). The microstructures and hardnesses obtained in 
cyanide-containing salt baths are discussed. Generally 
speaking, case depths greater than 0-025 in. are not applied 
in ordinary cyanide baths, but with accelerated cyanide 
baths (containing alkaline earth chlorides plus cyanide) case 
depth from 0-02 to 0-09 in. can be obtained. Of this 
depth at least one-half is glass-hard, and the case contains 
predominantly carbon with only a little nitrogen, as distinct 
from the mixed carbon-nitrogen case furnished by the straight 
cyanide bath. Cooling an ee ee nickel 
chromium steel (B.S. En 39) to — 76 after oil-quenching 
increased the surface hardness to ph 200 Vickers above 
that obtained without the cold treatment.—Rr. A. R. 


FORGING, STAMPING. DRAWING, AND PRESSING 
Laboratory Determination of the Coefficient of Useful Action 
of the Impact in Forging. P. G. Kirillov. (Zavodskaya 
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Examples are given of articles of 


Laboratoriya, 1949, vol. 15, July, pp. 828-830). [In Russian]. 
A method is proposed for the direct determination of the 
coefficient of effective action of the impact in stamping and 
forging, and it is shown that the frequently made recom- 
mendation for constant values of this coefficient for various 
conditions of deformation is incorrect.—s. K. 

Huge Hammer Anvils Forged at Homestead Works, C.LS. 
J. C. McComb. (Steel Processing, 1949, vol. 35, June, pp. 
290-293). An anvil weighing 112-5 U.S. tons (100 long tons) 
has been forged from a 219 (196) ton ingot at the Homestead 
Works of Carnegie Illinois Steel ¢ ‘orporation : a 7O00-ton press 
was used. The ingot having been reheated after casting, the 
sinkhead was sheared off in the press : the ingot was then 
upset slightly and edged. The excess was then cut from the 
bottom and the impression for the sow block made. Several 
reheatings during forging were necessary. After forging, the 
anvil weighed 142-5 (127-5) tons, of which 30 (27-5) tons 
was removed in finish-machining. The anvil is intended for 
a 12,000-Ib. hammer. 

Press Tools and Press Room Equipment. B. G. Ross. 
(Institution of Production Engineers : Australasian Engineer, 
1948, Nov. 8, pp. 57-61: Dec. 7, pp- 59-65). Detailed 
descriptions are given of the tools and machines used for 
punching, stamping, and drawing.—R. A. R. 

Cold Forming. (ssature Métallique, 1949, vol. 14, June 


pp. 282-288). An illustrated account is given of the cold 
forming of metal parts of complicated profiles, from strip, 
with descriptions of the various machines used.—J. ¢. R. 


Applications of Hot Extrusion Methods. . L. Stevens and 
G. Vennerholm. (Society of Automotive Engineers: Steel 
Processing, 1949, vol. 325, July, pp- 3862-367). See Journ. 
I. and S.T., 1949, vol. 163, Oct., p. 226. 

Cold Extrusion of Steel. T. E. Llovd and E. 8. Kopecki. 
(Iron Age, 1949, vol. 164, Aug. 4, pp. 90-105). Extensive 
development work by the Heintz Manufacturing Co., on the 
cold extrusion of steel has bronght this to the status of a 
this article the St ek ot 


commercial proposition. In 
design 


backward and forward extrusion are described, the 
of dies studied, the importance of the phosphate ¢ oating and 
die lubrication stressed, and the metallurgical characteristics 
A notable feature, from the metallurgical view 
in vield strength, tensile strength, and 
d with reason- 


examined. 
point, is the increase 
in vield-strength tensile-strength ratio, coup! 
able ductility as shown by elongation and reduction of area. 
silicon, and molybdenum, 
> required for extrusion : 
in strength, as 


The presence of carbon, manganese, 
together or singly, increases the forc 
increased carbon content gives an increase 
does increased manganese, but the reduction in ductility is 
than with carbon; the behaviour of 
that of manganese. 


less with manganese 
chromium appears to be similar to 
Molybdenum in a nickel-chromium steel appears to have a 
detrimental effect. The best preliminary heat-treatment 
appears to be normalizing, followed by que. iching and 
annealing. Tmpact tests on extruded mate rial indicate that 
the transition temperature (between duc tile fracture and 
brittle fracture) rises with the degree of extrusion till a critical 
rate is reached, when it falls again : the impact values follow 
a course the converse of this. — J.P. Ss. 

Hot Drawing of HSS Drill Rod. |. V. Klaybor. (Tool 
and Die Journal, 1949, vol. 14, Jan., pp. 46-49: [Abstract] 
Metals “ge ow, 1949, vol. 22, Feb., p. 43). An account ts 
give n of 3 process developed by Alleaghe ny Ludlum Ste el 

feelin al Curves show the effects of repeated annealing 
on the hardenability of cold-drawa 18/4/1 high-speed steel rod 
and the higher hardness attained by hot drawn rod. Torque- 
twist curves for hot and cold drawn rods are presented. 

Frost Wire Drawers and Weavers Continent Leaders. D. ( 
McConnell. (Canadian Metels and Metallurgical Industries, 
1949, vol. 12, May, pp: 14-17, 31, 32). The equipment and 
operi ations at the wire-drawing plant of the Frost Steel and 
Wire Co. are described. Mechanical handling has been 
developed to a high degree, e.g., phosphor-bronze hairpin 
type hooks holding 10 coils (27 ewt.) are used. The ecid 
pickling tanks are of rubber-lined steel with an inner lining 
Both single-block and continuous 


of acid-resisting bricks. uc 
galvanizing 


wire-drawing machines are employed. A new 
kettle, 4 ft. 4 ft. « 14 ft. long holds 45 tons of molten 
zine; this is heated by electric ribbon elements along the 
upper two-thirds of the sides and this causes the dross to 
remain at the bottom, leaving the upper part of the bath 


purer than in a bottom-heated kettle.—Rr. A. R. 
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The “Pathfinder” Back-Pull Wire-Drawing Machine. 
(Engineering, 1949, vol. 168, Sept. 30, pp. 333-336). Re- 
active Wire-Drawing with Hydraulieally-Operated Variable 
Speed Transmission. (Wire Industry, 1949, vol. 16, Sept., 
pp. 727-729). A description is given of a new five-block 
wire-drawing machine by Marshall Richards Machine Co., 
Ltd., Crook, Co. Durham. Each block is driven by its own 
D.C. motor. The armatures are arranged in series, but the 
fields are in parallel so that, by means of grid control on the 
rectifier, the power developed by each motor can be adjusted 
within certain limits. The machine is designed to draw 
high-carbon steel wire at speeds up to 1600 ft./min. with a 
total power consumption of 160 brake h.p. A back-pull is 
exerted and the effect of this, as reported by J. G. Wistreich, 
is discussed.—R. A. R. 

An Investigation of Back-Pull Wire Drawing as an Industrial 
Technique. G. Wistreich. (Journal of The Iron and Stee! 
Institute, 1949, vol. 163, Nov., pp. 316-330: Wire Industry, 
1949, vol. 16, July, pp. 573-577). Back- pull wire drawing 
has heen experimented with on 2 laboratory scale by a 
number of investigators, who, on observing a lowering of die 
load and wire temperature, concluded that back pul! could 
save power and prolong die life, and that the drawing speed 
might be raised without detriment to the quality of the wire. 
The present investigation was undertaken to determine 
whether, under industrial conditions, back-pull drawing offers 
any advantage over conventional methods. 

The experiments were performed on the prototype model 
of a 4-hole industrial machine of novel design, and were 
confined to the drawing of soap-lubricated, heavy-gauge wire, 
in both mild-steel and high-tensile rope wire qualities. In 
most instances the effect of back pull was gauged from a 
comparison of extreme conditions—one in which the back 
pull was as small as possible, the other in which it was as 
large as was compatible with the smooth operation of the 
machine. The mechanical properties of the wire, it was 
found, remained unaffected by the increased drawing stress 
(with which back pull is associated), except when it 
approached the ultimate tensile stress of the drawn wire. 
The power saving was not appreciable, and although there 
was some evidence of an improvement in die performance, the 
rate of die wear depended at least as much on the quality of 
the wire surface as on the magnitude of the die load. It 
was confirmed that heavy back pull lowers the temperature 
of drawing, but it does not counteract the adverse influence 
of increased drawing speed on the quality of high-tensile 
rope wire. Since moderate back pull has no harmful effect 
on the wire, the method of straight-line slipless drawing, /.c., 
drawing without storage of wire on the khlocks, can be used 
to advantage. It affords scope for altering the design of 
multi-hole machines to improve the die performance and to 
facilitate fast drawing of very thick high-tensile wire. 

French Wire Production. W. A. Sandilands. (Wire Industry, 
1949, vol. 16, May, pp. 421-423, 425). The author reports 
on his impressions after a month working in French steelworks 
and wire mills. Production at many stages of wire manu- 
facture was severely hampered by the rationing of electricity 
and by war damage. The plants compare favourably with 
those of similar age in England, but there is lack of scientific 
control when the wire-drawing stage is reached.—Rr. A. R. 

New Facility for Drawing Stainless Wire. (Steel, 1949, 
vol. 124, June 27, pp. 82. 85-86). A new plant has been 
installed by the American Steel and Wire Co., at Waukegan, 
Ill. for the manufacture of stainless steel wire 0-5 in. in dia. 
and less. The wire-drawing, pickling, and annealing pro- 
cedures are described.—J. P. s. 

Compressed Air as Cooling Medium in the Patenting of Steel 
Wire. W. Piingel. (Stahl und Eisen, 1949, vol. 69, Apr. 14, 
pp- 262-265). Owing to the lead shortage in Germany tests 
were made to develop a process for patenting steel! wire by 
cooling with compressed air without requiring a lead bath. 
A successful process was developed (by the firm Schilde at 
Hersfeld) in which the wire, on leaving the furnace at the 
transformation temperature, passed into a tube to which a 
controlled amount of compressed air was fed. The mechanical 
properties and drawability of wire produced by this process 
were equal to those of lead-patented wire.—R. A. R. 


ROLLING-MILL PRACTICE 


Apraratus for Determining the Wear of Roll Grooves. 
A. 8. Livshits and M. I. Shehepak. (Zavodskaya Labora- 
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toriya, 1949, vol. 15, July. pp. 876-878). [In Russian}. A 
device for recording the profile of rolis is described and 
diagrams obtained thereby for Pilger-mill rolls before and 
after use are shown.---s. K. 

Contour Roll Turning. 5. A. Brandenburg. (fron and 
Steel Engineer, 1949, vol. 26, June, pp. 88-85). A description 
is given of the method of contour roll turning using a lathe 
with a thin sheet-metal template and follower to guide the 
cutting tool.—s. « 

Beam and Channel Roll Design. R. E. Beynon. (fron 
and Steel Engineer, 1949, vol. 26, June, pp. 5J-—76). A 
detailed and illustrated discussion is presented on roll design 
for heams and channels, including fully dimensioned drawings 
of modern designs. Reference is made to the historical 
development of standard and universal beam mills.—J. ©. Rk. 

Design and Calculation of Rolling Mil! Rolls. ©. Murski. 
(Hutnik, 1949, vol. 16, Jan.—Feb., pp. 18-29). [In Polish]. 
A detailed analysis is presented of design calculation for rolls 
for square sections, taking into account the properties of the 
materials rolled, and the stresses in the rolls. The economics 
of roll design are also considered.—w. J. Ww. 

Proper Utilization of Rolls in Rolling Mills. Z. Wasu- 
towski. (Hutnik, 1949, vol. 16, Jan.—leb.. pp. 30-34). [In 
Polish]. The author discusses methods essential for the 
efficient utilization of rolls in rolling mills. Different types 
of induction and gas heaters for rolls are reviewed. Sugges- 
tions are made for the care and maintenance of rolls, and 
illustrations of common types of roll fracture are presented. 

WwW. J. W. 

Tinplate—The Projected Hot and Cold Strip Mills and Tin- 
plate Plant at Port Kembla, N.S.W. I. M. McLennan. 
(Australasian Institute of Metallurgy : B.H.P. Review, 1949, 
vol. 26, June, pp. 10-13). The production of tinplate by 
continuous processes is described and details are given of the 
plant which is to be erected at the Kembla Works of Australian 
Tron and Steel, Ltd.—Rr. a. rR. 

Crucible Opens New Mill at Midland, Pennsylvania. (Iron 
and Steel Engineer, 1949, vol. 26, June, pp. 120-122). See 

* Alloy Strip Hot Coiled during Reversing Passes at Crucible’s 
Midland — (Journ. I. : and S.I., 1949, vol. 163, Nov., p. 
360).—R. A. I 

Reconstruction of the Zaprostal Rolling Mills. J. Zbignicy. 
(Binyiiszati és kohiszati Lapok, 1949, vol. 4, July, pp. 
284-293). {In Hungarian]. The paper gives a detailed 
description of the Soviet Zaprostal rolling mills. These works 
had to be dismantled and transferred to the interior of Russia 
in 1941 and were reconstructed in 1946 and 1947. The 
production programme includes steel plates 6 to 25 mm. thick 
and cold-rolled sheets 0-25 to 1-25 mm. thick as well as hot- 
rolled sheets. The output of the slabbing mill is 1,600,000 
metric tons/annum. The average weight of the ingots is 
8-5 to 9 metric tons. The paper gives technical details and 
data on the mill equipment. —kr. G 

The Compression Test in Relation to Cold Rolling. N. H. 
Polakow si (Andrew Carnegie Research Report : Journal 
of The Iron and Steel Institute, 1949, vol. 163, Nov., pp. 
250-276). In Part I the significance of the static compression 
test is discussed, and the wide discrepancies in the existing 
comparative data are emphasized. Most of the methods 
previously used for the determination of the fundamenta! 
vield stress curve are reviewed, and sources of error are 
analysed. A multi-stage method of conducting ,2 test by 
repeatedly remachining the specimens after approximat ely 

25°% compression is described. By this method deformation 
of 90°% reduction or more may be obtained under almost 
uni-axial conditiors, and barrelling is practically eliminated. 
Yield stress curves of commercial aluminium, copper, Armco 
ingot iron, carbon steels containing 0-07, 0-10, 0-16, 0-25 
and 0-44% of carbon, and two low-alloy steels, both in the 
as-rolled and annealed conditions. were established to bet ween 
83 and 91% deformation. These tests show that this resis- 
tance to homogeneous compression is higher than the values 
obtained by other methods. For a wide range of conditions 
increasing friction at the platens causes an appreciable drop 
of resistance to deformation (up to about 10%), and this is 
confirmed by a comprehensive series of comparative experi- 
ments. 

In Part II the compression test is analysed in regard to the 
initial critical shape of the specimens and the subsequent 
elastic deformation of the compressing tools at high stresses, 
This critical shape can also be reached during compression 
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of tall specimens and is accompanied by a peculiar change 
in the qualitative relationship between friction and com- 
pressive stress. These deductions are applied to cold rolling, 
where the thickness of the stock corresponds to the initial- 
shape properties of the compressed test-piece, and heavy drafts 
represent heavy compressions. The results of cold-rolling 
experiments published by Ford and others are discussed, and 
aun explanation is given of various phenomena which are 
apparently contradictory and unrelated to each other. Some 
peculiar relations between external friction, roll force, torque, 
work of deformation, and the speed effects are explained by 
a new interpretation of the yield stress diagram in compression, 
without involving any supplementary assumptions regarding 
the possible effects of the rate of deformation and temperature 
on the yield stress value. Some of the existing quantitative 
rolling theories and the limitations of their applicability are 
reviewed. 

Cold Roll Formed Sections. E. J. Vanderploeg. (Product 
Engineering, 1949, vol. 20, Sept., pp. 134-138). The process 
of cold-rolling simple and intricate sections from steel strip 
up to } in. thick is described. The strip 1s shaped by passing 
through a series of small pairs of grooved rolls. Angles of 
90° with negligible radii can be produced, but an inside bend 
radius equal to the sheet thickness is the minimum preferred. 
Painted strip can be formed provided that a hard paint with 
good ductility is used. The forming speed ranges from 50 
to 200 ft./min. for mild steel, and 25 to 75 ft./min. for stainless 
steel.—R. A. R. 

Trends in High Speed Rolling. R.H. Wright. (Iron and 
Steel Engineer, 1949, vol. 26, June, pp. 77-82). Problems 
that arise in the design of tandem cold mills and other high- 
speed rolling mills are briefly considered.—v. ¢. R. 

MACHINERY FOR IRON AND STEEL PLANT 

Handling Froblems in Rolling Mills. F. Hauth. (Manu- 
tention Mécanique, 1948, Oct., pp. 9-15: [Abstract] Centre 
de Documentation Sidérurgique, Bulletin Analytique, 1948, 
vol. 5, Dec., p. 6). This article discusses operating conditions 
for transport machinery used in rolling mills. The equipment 
described includes: Ingot carrying cars, cranes with inde- 
pendent claws for moving the covers off soaking pits, b~ gies 
for moving ingots from the pits to the blooming mills, rolling- 
mill trains, and machinery for guiding and turning the ingot 
on its side. The shearing of blooms and the disposal of the 
tops and cut-off metal are discussed. 

Symposium on Handling Heavy Coils—Cranes. R. G. 


Birkin. (Iron and Steel Engineer, 1949, vol. 26, June, pp. 
86-87). Overhead travelling cranes for moving coils of strip 


are discussed and alterations to 15-ton cranes with 120-ft. 
span to increase their capacity to 27 tons are described. 
R. A. R. 

Symposium on Handling Heavy Coils—Trucks. 8. I. 
Ulinski. (Iron and Steel Engineer, 1949, vol. 26, June, pp. 
87-91). Electrically driven trucks with devices on the front 
for lifting large coils of strip are described.—R. A. R. 

Symposium on Handling Heavy Coils—-Conveyors. J. E. 
McBride. (Iron and Steel Engineer, 1949, vol. 26, June, pp. 
91-95). Roller and link conveyors for moving large coils of 
strip are described and illustrated.—r. a. R. 

Investigation of the Power Required for Cutting by Shearing 
along a Straight Line. F. Keller. (Werkstatt und Betrieb, 
1949, vol. 82, May, pp. 165-171). The results are reported 
of an investigation in which the effects of shear-blade angle, 
horizontal gap between blades, and bluntness of edges on 
the power required to shear 2, 4, 6, and 10-mm. plates were 
studied. Increasing the shear hlade angle from 3° to 11° 
reduced the power required to shear 2 mm. and 4 mm. plates 
by 58% and 45% respectively. The blade gap was varied 
between 0-1 and 1-0 mm., and this change the quality of 
the edge produced but did not affect the power required. 
Increasing the radius of the cutting edge from 0 to 0-5 mm. 
of course increased the power required, the increase being 
particularly great for the thinnest plate.—r. A. R. 

Protective Devices for Electrical Systems in Steelworks. 
H. V. Benns and A. W. Tozer. (Journal of The Iron and 
Steel Institute, 1949, vol. 163, Nov., pp. 331-352). The 
paper covers all aspects of electrical protection for steelworks, 
from protection of the generating plant and high-tension 
distribution system, to protection of the individual motors. 
Recommendations are given for the protection of generators 
and transformers of various ratings, and protection of the 
station busbars is considered. The types of protection 
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available for ring mains and other high-tension distribution 
systems are discussed and some notes are included on the 
limitations of current transformers wher used for protective 
gear operation. Tests on 3-phase squirrel-cage induction 
motors have been made to determine the safe heating charac- 
teristics under 3-phase overload, motor stalled, and single- 
phase operating conditions. The results of these tests are 
given and are compared with the characteristics of various 
overload relays which are available. 

Apparatus for Control and Automatic Regulation. S. B. 
Podberezin. (Zavodskaya Laboratoriya, 1949, vol. 15, July, 
pp. 859-865). [In Russian]. A review is given of the 
construction and performance of some instruments, produced 
in the U.S.S.R., suitable for the control and automatic regula- 
tion of industrial processes.—s. K. 

LUBRICANTS AND LUBRICATION 

Centrifugal Purification of Oils in Steel Plants. ©. M. 
Ambler. (Iron and Steel Engineer, 1949, vol. 26, June, pp. 
108-116). A description is given of the centrifuge, which is 
a rotor driven by an electric motor, and which is used for 
the purification of lubricating, quenching, cutting, and 
hydraulic system oils. Jllustrated accounts are given of oil 
purific ation systems.—J. C. R. 

Bearing Corrosion Test for Lubricating Oils. E. C. Hughes, 
J. D. Bartleson, and M. L. Sunday. (Analytical Chemistry, 
1949, vol. 21, June, pp. 737-743). In the test in question, 
the oil is tested by passing it through a cell in which a length 
of steel rod held in a horizontal position rubs against a copper— 
lead specimen. The loss of weight of the copper—lead speci- 
men is noted. The apparatus enables the examination of the 
effects of shear on oils to he made, as well as the proneness 
of oils to ‘ lacquering’ in the engine; the effects of detergent 
additions have been studied.—4J. P. s. 

Rotational Viscometer of the Conical Type. K. F. Zhigach 
and D. E. Zlotnik. (Zavodskaya Laboratoriya, 1949, vol. 15 
May, pp. 542-547). [In Russian]. Details are given of a 
rotating-cone viscometer, which is provided with an optical- 
mechanical device for measuring the angle of deflection of 
the suspended cone.—s. K. 

Comparison of the Rotating and Capillary Viscometers for 
the Determination of the Viscous Properties of Lubricating 
Oils in the Region of Low Temperatures. V. L. Valdman 
and A. M. Fomina. (Zavodskaya Laboratoriya, 1949, vol. 15 
May, pp. 547-549). [In Russian]. Results of determina- 
tions of the viscosities of a number of Inbricating oils at 
temperatures of 0° to — 50°C. made with capillary and 
rotating viscometers are presented and compared. Among 
the conclusions drawn are : Results obtained with the capillary 
viscometer of Pinkevich only agree with those determined 
by rotating viscometers in that temperature region in which 
the oils do not possess thixotropic properties; at lower 
temperatures the values of viscosity determined by the 
capillary viscometer coincide with the curve of viscosity 
obtained by the hysteresis-loop method in the rotating visco- 
meter ; glass capillary viscometers can only be used for such 
determinations in a small range of low temperatures.—s. K. 

Roll Cooling and Oil Lubrication for Tandem Cold Mills. 
B. J. Lamport. (United Effort, 1949, Jan.—Feb., pp. 11-13). 
The lubricating equipment in cellars under a 5-stand tandem 
cold strip mill is described. It contains one circulating 
system for the back-up roll neck bearings ; one system for the 
pinions and mill serewdowns ; two hydraulic systems, one 
for the roll balance and the other for the reeling equipment ; 
and two systems for roll cooling. All systems are entirely 
automatic in operation.—R. A. R. 

Wire Drawing Lubricants. C. P. Orr. (Wire and Wire 
Products, 1949, vol. 24, May, pp. 407-410, 448-451). In 
discussing wire-drawing lubricants, the author does not 
recommend mica additions to soaps. A soap containing 
giycerine is better than one based on aluminium and calcium 
stearate.—R. A. R. 

Requirements of Drawing Components. 
Processing, 1949, vol. 35, June, pp. 306-309). The following 
factors are desirable in a drawing compound: High film 
strength, oiliness, wetting properties, non-corrosiveness, 
removability, uniformity and _ stability, acceptability to 
personnel, easy miscibility, and economy.—4J. P. s. 


WELDING AND FLAME-CUTTING 
Pe ng Materials for the Fusion Welding of Ferrous Materials. 


L. Zeyen. (Schweissen und Schneiden, 1949, vol. 1, 


J. McElgin. (Steel 
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Feb., pp. 17-26; Mar., pp. 45-48). The present position in 
the development in Germany and other countries of welding 
rods and welding techniques is reviewed.—R.A.R. 

The Danger of Fracture, and Testing Materials for Welded 
Structures. E. Folkhard. (Schweisstechnik, 1949, vol. 3, 
June, pp. 61-66 ; July, pp. 74-77). Factors, such as notches, 
stress concentrations, and multiaxial stresses, which affect the 
deformability of welded structures are discussed. The weld- 
bead bend test is described ; this test will provide the designer 
with data to enable him to stipulate the precautions necessary 
for the prevention of brittle fracture in weldments.—R. A. R. 

Tests of Spot Welds for Light Steel Structures. ©. Graf. 
(Zeitschrift des Vereines deutscher Ingenieure: Welding 
Journal, 1949, vol. 28, Mar., pp. 116-s—120-s). Butt joints 
of several different designs were made using steel plates 0-2 
and 0-157 m. thick with straps of equal thickness which were 
drilled at various spacings, plug-welded, and then subjected 
to tensile and fatigue tests. In general the results showed 
that the permissible shear stress on a plug weld is relatively 
low, and much lower than that for a rivet.—Rr. A. R. 

The Welding of High-Pressure Air-Vessel Assemblies. 
K. G. Lewis. (Metallurgia, 1949, vol. 40, June, pp. 77-87). 
The materials and methods of assembly for the manufacture 
of high-pressure air vessels, with special reference to the 
austenitic welding of low-alloy steels are discussed. The 
pulsation form of pressure test is described and the results 
of such tests on assemblies are presented. Low-alloy steel 
vessel bodies, fitted with domes of similar material screwed 
on to a stop-collar, are satisfactorily sealed by austenitic 
welding, the resultant unit being definitely superior to a 
screwed and sweated assembly, as adjudged by the pulsation 
test.—R. A. R. 

Argon-Arc Welding. What It Is: What It Does. W. K. B. 
Marshall. (Sheet and Strip Metal Users’ Technical Association, 
Oct. 20-21, 1949 : Machinist, 1949, vol. 93, Nov. 5, pp. 981- 
988; Sheet Metal Industries, 1949, vol. 26, Nov., pp. 2427- 
2440). The practice and equipment required for argon-arc 
welding are discussed. Argon-are welding is_ especially 
suitable for welding stainless steels, aluminium, magnesium, 
and their alloys. It is not usually used for welding mild steel 
due to the high cost. Copper, nickel, and Monel suffer from 
porosity when welded by the argon-are process but. other 
alloys of copper and nickel such as Everdur, Inconel, Ni- 
chrome, and Nimoniec give good welds. New developments 
including filler rod welding are also discussed.—R. F. F. 

Resistance Welding. (Automobile Engineer, 1949, vol. 39, 
June, pp. 223-230). Recent developments in resistance 
welding techniques and machines are reviewed. The machines 
described are designed and made by Sciaky Electric Welding 
Machines, Ltd., Slough.—R. A. R. 

Electric Resistance Welding. H. S. Card. (Cleveland, 
Ohio, 1949). This 22-page quarto pamphlet contains a 
bibliography compiled from the principal American journals 
over the period January 1936 to June 1947. There is a 
subject, but not an author, index.—Rr. A. R. 

The Porosity of Welds. J. ter Berg and G. J. van Wijnen. 
(Welding Journal, 1949, vol. 28, June, pp. 269-s—271-s). 
Porosity in electric are welds may be caused by sulphur, and 
certain electrodes are known to be very sensitive to this. 
The authors show that by increasing the basicity of the 
electrode coating by increasing its dolomite content at the 
expense of the quartz, the sulphur in the weld metal is reduced 
and that in the slag increased, even when the coating is 
‘ poisoned ’ by the addition of ferrous sulphide. The same 
results are obtained by increasing the oxidizing power of the 
coating and by increasing its iron oxide content at the expense 
of iron powder: in this case, the distribution ratio (7.e., 
sulphur-in-slag/sulphur-in-weld metal) is not increased, 
sulphur apparently passing off as sulphur dioxide.—J. P. s. 

This Thing Called Weldability. (Welding Journal, 1949, 
vol. 28, June, pp. 246-s—263-s). A review is made of the 
various factors, constructional and metallurgical, which affect 
the choice of a definition of weldability, and of the attempts 
now being made to attach quantitative significance to those 
factors. Work on a number of types of bend test, notched 
and unnotched, for evaluating ductility, on the use of cleavage- 
tear tests for the determination of transition temperatures, 
on the effect of weld cooling rates, and a variety of other 
projects now in progress is summarized and criticized. The 
conclusions are that the object in attaining weldability is 
“to produce a given design for a given service by welding a 
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given material by a given process ”: design, it is stated, fixes 
the degree of restraint imposed on the welds, and the sections 
of material necessitated by design, control the cooling rates. 
and cracking tendencies. Service requirements contro! the 
properties demanded of the material, 2nd the choice of process 
for welding depends on service requirements or on design. 
The greatest freedom of choice occurs in the case of material, 
and therefore it is by careful selection of material that the 
demand for ‘ weldability ’ can be met.—4J. P. s. 

A Survey of the Weldability of Plain-Carbon and Low-Alloy 
High Tensile Steels. H. C€. Skevington. (Sheet Metal 
Industries, 1949, vol. 26, May, pp. 1039-1048). After 
considering several definitions of ‘ weldability ’ and the factors 
affecting it, weldability tests are discussed. Any par- 
ticular steel is weldable under conditions suited to that 
particular steel. If the austenite is not transformed com- 
pletely by the time it passes through the 600-500° C. range 
the remainder will transform in the region of 150° C. with 
the formation of a martensitic structure. The effect of 
multi-pass welding is for each pass to preheat the plate and 
weld metal subsequently deposited. When large electrodes 
depositing a }-in. bead are used, it is usually only the top 
layer which is refined by the subsequent run, and not 
the whole run. Increasing the carbon content beyond 0-30°, 
makes it less weldable. The range of sulphur in the electrode 
which may cause cracking is not clear, but more than 0-04°, 
is dangerous.—R. A. R. 

Economies of Castings and Weldings. I. C. Moore. (Trans- 
actions of the Institute of Welding, 1949, vol. 12, Apr., pp. 
27-29: Welding, 1949, vol. 17, May, pp. 196-200). A 
comparison is made of the labour and materials required in 
making machine frames (such as drilling machine standards, 
boring mill tables, hammer columns, rolling-mill houses, ete.) 
weighing from 10 to 35 tons by casting and by welding rolled 
steel. The analysis shows that considerable advantage 
accrues to welding.—R. A. R. 

Welded Shells for Blast Furnaces. B. L. Sheinkin and 
V. L. Tsegel’skii. (Avtogennoe Delo, 1948, Sept., pp. 1-5). 
[In Russian]. 

Deformation of the Shells of Blast Furnaces during Welding. 
V. I. Melnik and R. G. Schneiderov. (Avtogennoe Delo. 
1948, Sept., pp. 6-9 [in Russian]: [Abstract] Metals Review, 
1949, vol. 22, Feb., p. 48). The apparatus used to determine 
the deformation is described and tabulated data on results 
obtained are presented. 

General Steel Forms Combined in Heavy-Duty Weldments. 
K. Rese. (Materials and Methods, 1949, vol. 29, May, pp. 
49-51). Diesel engine crankcases for locomotives are now 
built up by welding at the works of General Motors Corp. 
This is lighter and less expensive than a cast unit. The 
weldment is a fabricated combination of steel forgings, plate, 
tubes, and bars. Where long straight welds are required the 
submerged are welding machine is used in most cases.—R. A. R. 

Metal Coatings Improve Solder Flow on Steel and Brass. 
D. Wallace. (Materials and Methods, 1949, vol. 29, May. 
pp. 60-63). For soft-soldered joints in electrical equipment 
it is essential to use rosin as the flux, but when tinplated 
parts have been stored for some months the flowability of 
solder on it decreases to an important extent. If the parts 
were coated with a lead—tin alloy 0-0002 in. thick of approxi- 
mately eutectic composition, the flowability of solder with a 
rosin flux was excellent even after nine months’ storage. 

R. A. R, 

Semi-Automatic Machine for Gas Cutting of Steel Plate 
100-300 mm. in Thickness. G. M. Kazanov and V. A. 
Toropov. (Avtogennoe Delo, 1948, Sept., pp. 26-27). [In 
Russian]. 

Cutting Torch of Unusual Design. J.. A. Hodges and E. 
Bishop. (Welding, 1949, vol. 17, June, pp. 242-247). <A 
new flame-cutting torch (invented by L. G. Buckle) is des- 
cribed. In this torch the large quantity of heat evolved when 
cutting steel is utilized. The oxygen and gas supplies are 
each split into two separate balanced flows at the inlet valve. 
One of these is continuously maintained. while the other 
passes through valves linked to the cutting oxygen valve in 
such a way that when the oxygen stream is opened these 
valves are closed and vice versa. ‘hus, in the preheat position, 
gas and oxygen are fed to the nozzle by both paths, giving a 
balanced preheating flame. In the cutting position, on the 
other hand, gas and oxygen are fed only through the un- 
interrupted paths, giving a considerably smaller maintaining 
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flame. The relative sizes of these ducts are so selected that 
the maintaining flame in the cutting position is correctly 
balanced provided that it is correctly balanced in the preheat 
position by the initial adjustment of the inlet valves. Data 
on six tests are presented: in these, the consumptions of 
propane and oxygen in the Buckle torch and one of standard 
design were metered when cutting steel ?, 24, and 5 in. thick 
under identical conditions. The average figures showed 
savings of 57% of propane and 5-10% of oxygen with the 


new tool. The quality of the cuts was excellent.—R. A. R. 


MACHINING AND MACHINABILITY 


Precision-Cast Milling Cutters Could Solve a Crisis. J. H. 
Penrose and Catherine T. Amond. (Machinist, 1949, vol. 93, 
Nov. 5, pp. 989-993). Results of machining tests indicate 
that cast milling cutters have a superior performance to 
forged ones. Photographs illustrate the precision casting 
practice adopted at the Watervliet Arsenal, the method 
normally used being gravity casting. Micrographs show the 
structure in the as-cast condition and after different heat- 
treatments ; a micrograph of the structure of an ordinary 
commercial forged cutter is given for comparison.—R. F. F. 

Machining Properties and Wear of Milling Cutters. 0. 
Svahn. (Acta Polytechnica, 40 (1949), Mechanical Engineering 
Series, vol. 1, No. 7). 
steel with cylindrical milling cutters were carried out and 
the equation v T = C (where v is the cutting speed, 
T the tool life, and C a constant) is shown to be valid for 
certain machining conditions of the cutting edge. Equip- 
ment for measuring the cutting speed and recording its fluctu- 
ations is described.—R. A. R. 

Stresses and Cracks in Grinding. |.. H. Acera. (Instituto 
del Hierro y del Acero: Acero y Energia, 1949, May—June, 
pp. 14-18). [In Spanish]. Hardening produtes structural 
variations accompanied by changes in volume which result 
in internal stresses. Grinding causes rapid vibration which 
localizes these internal stresses in lines in which the molecules 
are distributed asymmetrically, leaving larger intermolecular 
spaces than usual, thus favouring selective attack along these 
lines by acid, and producing etch cracks by the action of the 
hydrogen. The importance of correct grinding and _ heat- 
treatment for tools is stressed.—R. s. 

Superfinishing Stone. J. Colonna-Ceccaldi. 
rale de Mécanique, 1949, vol. 33, June, pp. 247-250). 
finishing stones and the action of the stones on the metal 
during superfinishing are described. Factors arising from 
the stone, the metal, and the machine used, which affect the 
superfinishing operation, are discussed.—R. F. F. 

Practical Application of Surface Finish. G. Schlesinger. 
(Machinist, 1949, vol. 93, May 28, pp. 169-178). The 
practical results of shop tests, carried out by the author 
during the period 1939-1948, for checking the surface finish 
of tools, gear teeth, pistons, and cylinder walls are discussed. 

R. F. F. 

Mechanical Superfinishing and Its Applications. M.Adamo- 
vicez. (Revue Générale de Mécanique, 1949, vol. 33, Sept., 
pp. 392-394). 
superfinishing, the machines, 
lubricants used.—R. F. F. 

How to Select Superfinishing Abrasives. KE. L. Hemingway. 
(Machinist, 1949, vol. 93, Nov. 5, pp. 1001-1004). The author 
discusses the effect of the type and size of the abrasive, the 
nature and hardness of the bonding material and the size 
and shape of the stones on their cutting properties, and 
gives general rules for selecting a stone to suit particular 
work. He also describes a method, applicable only to stones 
of 320 mesh or finer, to test bond hardness using the 
tockwell ‘ red ’ scale, and discusses briefly cutting operations. 

eS 
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CLEANING AND PICKLING 
Electrolytic De-Scaling. (Product Finishing, 1949, vol. 2, 


June, pp. 74-75). A very brief description is given of the 
Bullard-Dunn process of electrolytic pickling in which, after 
immersion in an electrolytic alkaline cleaner and a rinse, a 
hot acid solution containing a tin salt is used and, as scale and 
rust are removed, a protective layer of tin is electrodeposited 
on the work.—R. A. R. 

The Vacu-Blast Descaler. (Admiralty Corrosion Com- 
mittee, Hull Corrosion Sub-Committee. ACSIL/ADM/48 
427 : [Abstract] Journal of The British Shipbuilding Research 
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Investigations of the machining of 


The author discusses briefly the application of 
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Association, 1949, vol. 4, Mar., pp. 156-157). An American 
firm has developed a machine for cleaning metal surfaces by 
a process which can be regarded as a development of sand- 
blasting. Grit is directed through a gun on to the surface 
to be cleaned, and is then sucked back through the gun, 
together with the scale or paint removed from the surface, 
into a reclaiming tank. Here the dust is separated from the 
grit, and it is then passed into a dust collector. An alterna- 
tive gun is provided for use at right-angled intersections. 
The machine consists of three units : the gun, the reclaiming 
tank, and the dust collector. 

Media for Derusting and Rust Prevention. B. F. R. 
Scheifele. (Archiv fiir Metallkunde, 1949, vol. 3, July, pp. 
260-261). Methods of removing rust and preventing its 
formation are briefly reviewed.—Rr. A. R. 


PROTECTIVE COATINGS 


Recent Developments in Electrodeposited Alloy Finishes. 
J. W. Cuthbertson. (British Science News, 1949, vol. 2, 
No. 23, pp. 328-332). Work done in recent years at the Tin 
Research Institute on the deposition of speculum and tin—zine 
plating is summarized.—R. A. R. 

The Electrodeposition of Metals: Recent Fundamental 
Research on Microstructure. G. E. Gardam. (British Science 
News, 1949, vol. 2. No. 23, pp. 326-328). Nickel is universally 
deposited in a compact form from solutions of its sulphate and 
ehloride, buffered with boric or a similar weak acid without 
the need for an addition agent. By varying the acidity of 
the solution or the buffering agent, nickel deposits can be 
reproducibly obtained with hardness in the range of 80 to 
500 Brinell. With thick deposits the hardness is, broadly, 
inversely proportional to the grain-size. 

Lustrous nickel deposits are produced by adding certain 
organic chemicals to the bath; these are essentially large 
organic molecules with strongly polar groups attached, such 
as iso-propyl naphthalene sulphonate and naphthalene tri- 
sulphonate.—k. A. R. 

A New Process of Electroplating Using Alternating Current. 
C. Calistru. (Bulletin de l’Ecole Polytechnique de Jassy, 1947, 
vol. 2, July—Dec., pp. 495-497). The author describes tests 
on a method of electroplating iron, steel, zinc, and aluminium, 
with copper and brass, using alternating current from the 
mains. The electrolyte is a solution of KCN of variable 
concentration (0-25 wt.-°% to saturation), and it is heated to 
90° C. or above. The electrodes consist of copper plates 
(zine is used for one when brass plating), the current density 
being 7 amp./sq. dm. Aluminium is used as a contact metal, 
and the plating time varies between 15 min. and 8 hr. The 
deposits obtained were bright and had good adherence. 

R. ¥. ¥. 

Hardness Testing of Electrodeposits. C. W. Sinith. (Electro 
plating, 1948, vol. 1, Sept., pp. 563-571 ; Oct., pp. 653-661). 
Part J of this article deals with basic methods of testing and, 
in particular, microhardness testing. After briefly referring 
to various macroscopic methods, the author considers whic 
test procedures are most suitable for examining electrodeposits 
and resistance to impact abrasion, indentation 
testing, and scratch testing. Part IT deals with laboratory 
and commercial microhardness testing instruments.-—J. c. R. 

A Review of Methods for Coating-Thickness Determination. 
R. S. Bennett. (Journal of Scientific Instruments, !949, 
vol. 26, June, pp. 209-216). An account is given of various 
methods of non-destructively measuring the thickness of thin 
coatings on bases of a different material, usually mild steel. 
Some examples of the magnetic attraction and inductive 
types of instrument are described.—Rr. A. R. 

The Influence of Substrate Surfaces on Electrodeposition. 
A. T. Steer. (Electroplating, 1948, vol. 1, Oct., pp. 629-635). 
The author discusses the nature of a metal surface, its consti- 
tution and depth. The work of Beilby and other investigators 
is reviewed. 

Measurement of the Micro-Hardness of Hard Chromium 
Plating. M. Cavé. (Chrome Dur, 1948, pp. 21-32: [| Ab- 
stract] Index Aeronauticus, 1949, vol. 5, June, p. 81). A 
discussion of the nature of hard chromium plating and 
instruments and methods of hardness testing leads to the 
conclusion that hard chromium surfaces are suitable for 
microhardness testing at loads of about 100 g. A nomogram 
for the appropriate test loads is provided. The limiting 
thickness for accurate measurement is about 0-015 mm. 
Microhardness testing is a valuable guide to the brittleness 


discusses 
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of the chromium coating. The tests are quite easy to make 
and require no special technique. 

Electrolytic Degassing of Hard-Chromium Plating. M. 
Bertin. (Chrome Dur, 1948, pp. 33-44: [Abstract] Index 
Aeronauticus, 1949, vol. 5, June, p. 82). A method is des- 
cribed for degassing hard-chromium plated articles in the 
washing tank, using the original plating anodes ; the pieces 
being left in the tank until the bath potential falls to zero : 
a galvanic couple is formed between the work and the 
oxidized anodes, which discharges through the water. The 
method is in use. 

Electro-Deposition Works of Fescol Ltd. (Engineering, 
1949, vol. 168, Sept. 23, p. 319). A brief description of the 
new plating plant of Fescol, Ltd., at Port Glasgow, is given. 
The principal activity is the deposition of nickel and of 
chromium coatings. The plating baths are of ferroconcrete 
with acid-resisting linings, sunk largely below floor level ; 
they are heated by steam and the temperature is controlled 
to within 2° F.—n. A. R. 

The Theory and Practice of Hot-Dip Galvanizing. H. 
Bablik. (Metalloberfliche, 1949, vol. 3, May, pp. 105-110). 
The structure of hot-dip zinc coatings end the effects of 
alloying elements in the bath are discussed. Examination 
of the structure of zine deposits on irons containing 0-01 and 
0-3% of silicon reveal that in the latter case a §-layer is 
deposited, large ¢-crystals are formed, and the iron loss is 
heavy. With 0-5% of titanium in a 0-1% carbon iron the 
rate of solution of iron is high at first, but it diminishes as a 
dense alloy layer forms. With short immersion time the 
f-layer is much stronger than the 8-layer. 

When a time interval elapses before the iron—zinc reaction 
begins, this is prolonged by increasing amounts of aluminium 
in the bath, but once the initial inhibition has ceased the 
aluminium considerably intensifies the reaction. If the bath 
temperature is raised from 45()° to 470° C, the initial inhibiting 
effect of aluminium is suppressed.—R. A. R. 

Tin Undercoatings. S. C. Britton. (Paint Manufacture, 
1949, vol. 19, No. 3, pp. 95-96 : Metallurgical Abstracts, 1949, 
vol. 16, p. 651). Besides the use of lacquered tin coatings 
in containers for foodstuffs a thin coating of tin 0-00005 in. 
thick has been shown to be very valuable under a great 
variety of paints exposed to various types of atmasphere. 
The results have usually been better than those produced 
by phosphatizing steel before painting. Under anti-corrosive 
and anti-fouling paints in sea-water immersion, tin under- 
coatings reduce considerably the spread of rust and the 
blistering and general deterioration of the paint coating, 
though there is a risk of galvanic action at scratches, etc., in 
the tin coating, leading to rapid pitting. The tin coat can 
be applied by hot dipping, electrodeposition, spraying, or 
immersion, though the latter method gives a less satisfactory 
coating than the others. Local application of tin by wiping 
can also be used. The best keying of paint is obtained with 
the mat electrodeposited coatings, but even these do not give 
the adhesion that is obtained with phosphate treatment. 

Rust Prevention. (Product Finishing, 1949, vol. 2, Sept., 
pp. 18-22). The Deshaw process of rust removal is described. 
Articles to be de-rusted are submerged in an alkaline electro- 
lyte of high conductivity, and are then electrolysed cathodically 
at a current density of either 10-40 amp./sq. ft. at 6 V., or 
40-125 amp./sq. ft. at 12 V. The hydrogen produced on the 
metal surface frees and disperses the rust, and a subsequent 
period of anodic treatment drives off any included hydrogen. 
After washing and dewatering, a thin protective sealing 
coating is applied which is an excellent base for subsequent 
painting or enamelling.—k. A. R. 

Rust-Preventive Treatment for Ferrous Metals at Rolling 
Mills. P. Pieper. (Product Finishing, 1949, vol. 2, Sept., 
pp. 24-27, 64, 65). The development of the FE-ISOL process 
of coating steel with a polyvinyl acetate solution or emulsion 
is described. The process is designed for applying the coating 
by caoutchouc rolls at the rolling mill while the steel is still 
at 50-75° C. The coating is also hot and this accelerates 
the evaporation of the water contents and ensures that it 
penetrates the mill-scale and any surface roughness arising 
in the as-rolled condition.—R. A. R. 

Something New in Motor Car Finishes. (Product Finishing, 
1949, vol. 2, Sept., pp. 34-35). Brief details are given of the 
new ‘ Metallichrome’ finish for motor cars. This coating, 
produced by Imperial Chemical Industries, Ltd., consists of a 
pigment mixed with aluminium particles and gives a cellulose 
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finish with a two-tone transluscent appearance. Three 
sprayed coats over the normal undercoating system provide 
sufficient covering and solidity.— R. A. R. 

Metal Spraying. M. J. Rowan. (Machinist, 1949, vol. 93, 
Sept. 24, pp. 775-786). The author discusses the nature of 
sprayed metal, its application, and the equipment and pro- 
cesses required to obtain good coatings.—R. F. F. 

A Survey of Drying Practices in the Porcelain Enamel 
Industry. G.N. Tuttle. (Finish, 1948, vol. 5, No. 11, p. 46: 
British Ceramic Abstracts, 1949, June, p. 2364). 

Application of Cover Coat Enamel Directly to Steel. EH. H. 
Shands. (Finish, 1948, vol. 5, No. 12, p. 25: British Ceramic 
Abstracts, 1949, June, p. 2374). 

Improving Enamels through Lithium. P. A. Huppert. 
(Ceramic Industry, 1948, vol. 51, No. 5, p. 72 : British Ceramic 
Abstracts, 1949, June, pp. 237A—238a). 

The Introduction of Lithium Compounds in Titania Enamels. 
P. A. Huppert. (Finish, 1948, vol. 5, No. 11, p. 19: British 
Ceramic Abstracts, 1949, June, p. 2374). 

The Use of 1300° F. Enamels Applied to Sheet Steel. B.D. 
Bruce. (Finish, 1948, vol. 5, No. 11, p. 42: British Ceramic 
Abstracts, 1949, June, p. 236). 

Production Drying of Finishes Accomplished with Infra-Red 
Ovens. J.A. Martin. (Materials and Methods, 1949, vol. 30, 
July, pp. 68-70). The use of an infra-red drying tunnel for 
the drying of enamel-painted motor-lorry cabs is described. 
A temperature of 280° F. is reached in about 8 min. and 
maintained for 10 min.—,. P. s. 

Finishing Automobile Components at the Kaiser-Frazer 
Plant. (Industrial Heating, 1949, vol. 19, Jan., pp. 106-116 ; 
Feb., pp. 294-304; Mar., pp. 480-484). A description is 
given of the sequence of processes in the cleaning, paint- 
spraying, and stoving of motor-car bodies at the Willow Run 
plant of the’ Kaiser-Frazer Corporation. 

Relations between the Ageing of Paint on a Metallic Base 
and the Variation of an Electromotive Force. R. Desalme. 
(Comptes Rendus, 1949, vol. 229, Nov. 2, pp. 873-874). 
The author detects the breakdown of a paint film on a metal 
plate by making the painted surface one electrode in a cell 
containing distilled water, the other electrode being a platinum 
wire, and measuring the e.m.f. against a standard cell. The 
e.m.f. is related to the permeability of the paint to water. 
By submitting the painted surface to a rapid weathering 
procedure and then testing it by this electro-potential method 
the author claims to be able to assess the protective quality 
of the paint film very quickly. The following test results 
are given : 

Electromotive Forces after Various Periods of Artificial 


Weathering 
No. of Weathering Cycles 0 10 20 30 
(1) Bituminous anti-rust paint 0 0 0 0-24 
(2) Lead-oxide anti-rust paint 0 0-51 0-52 0-54 
(3) Ordinary oil paint 0-22* 0-62 0-63 0-63 


*Water permeable. 
The e.m.f. apparatus is standardized against pickled plates 
of hare steel and aluminium to show the variation of the 
e.m.f. with time for these metals.—a. E. Cc. 

Paint and Lacquer Testing. (Product Finishing, 1949, 
vol. 2, June, pp. 67-73). A modification of the Erichsen 
machine for testing paint and lacquer coatings on sheet metal 
is described. The machine is so constructed that, as the test 
proceeds, the ball indenter presses the centre of the test-piece 
into an enclosed chamber containing an electrolyte into which 
there projects an electrode connected to a transformer carrying 
a tension regulator to ensure constant voltage in the measuring 
system. A second conductor leads from the transformer to 
the test-piece over a milliammeter. The circuit is interrupted 
only by the film of lacquer or paint. As the test progresses 
minute rents appear and grow in the coating and the flow of 
current is proportional to the number and size of the rents. 
When a certain volume of current is obtained the Erichsen 
value is read off the scale on the wheel controlling the indenter. 


PROPERTIES AND TESTS 

Precision Measurement of Young’s Modulus by Transverse 
Vibrations. Y. L. Yousef. (Proceedings Math. Phys. Soc. 
Egypt, 1947, vol. 3, No. 3, pp. 7-14: Metallurgical Abstracts, 
1949, vol. 16, p. 723). The methods available for the measure- 
ment of Young’s modulus by transverse vibrations are briefly 
discussed, together with the factors affecting the result. 
Some improvements are introduced in a new method pre- 
viously described (Philosophical Magazine, 1946, vol. 37, 
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No. 270, pp. 490-497) and an accuracy of a few parts per 
1000 can be easily obtained for a wire a few centimetres in 
length. The difference observed between Hayn. and Estat. 
for a specimen of steel wire cannot wholly be accounted for 
by the fact that the dynamic and static methods measure 
the adiabatic and isothermal elasticities respectively. It is 
suggested that this is due to unavoidable yielding of the 
support in the static experiment. and dynamic methods are 
regarded as superior. 

The Yield Phenomena of a Medium Carbon Steel under 
Dynamic Loading. F. V. Warnock and D. B. C. Taylor. 
(Institution of Mechanical Engineers, 1949, Aug., Advance 
Copy, pp. 3-14). Dynamic tensile tests carried out on a 
0-31°, carbon steel to determine the true shape of the 
stress, permanent-strain curve for rapid straining were carried 
out. An impact machine was used, straining being carried 
out as a series of dynamic loadings, and the stress was 
measured by electrical resistance strain gauges on the speci- 
mens. Dynamic and static stress-strain curves are compared, 
the existence of a ‘dynamic upper vield stress’ and a * dynamic 
lower yield stress’ being shown, together with a difference 
in the rate of strain hardening for the two straining conditions. 
Non-uniform yielding of the metal is shown to be more pro- 
nounced for dynamic straining and, like static vielding, to be 
an integral part of the lower yield stress phenomenon. The 
effect of normalizing the steel on all these factors is shown 
and a special form of deformation peculiar to rapid straining 
is indicated. A theory for the observed increases in stress Is 
deduced, and the use of these dynamic stresses for design 
purposes is discussed.—-R. A. R. 

The Use of Plumber’s Resin to Determine the Occurrence 
of Vield. J. 8. Blair. (Institution of Mechanical Engineers, 
1949, Aug., Advance Copy, pp. 14-16). Plumber's resin can 
be easily applied by a simple technique to the whole of very 
large specimens to determine the occurrence of yield, but 
it is necessary to stress the specimen slightly beyond the 
yield point. Liiders’ lines are shown by the resin at those 
points which have yielded. Not only is the ratio of applied 
load to yield point obtained—and hence the relationship 
between stress and load in the elastic range—but the most 
highly stressed parts are immediately indicated on even the 
most complicated structure.—R. A. R. 

Testing-Machine IM-4R. N. D. Belenkii. (Zavodskaya 
Laboratoriya, 1949, vol. 15, July, pp. 844-845). [| In Russian}. 
The design of a tensile-testing machine constructed in the 
U.S.S.R. is considered,—s. K. 

The Weight of Machines for Testing Materials. Kh. N. 
Dementev. (Zavodskaya Laboratoriya, 1949, vol. 15, July, 
pp. 882-884). [In Russian]. The relation between the 
weight of a testing machine and the greatest force which it 
can exert on the specimen is discussed, a number of machines 
being considered.——s. K. 

Accurate Calculation of Static Bending Strength. 5S. J. 
Weiss. (Product Engineering, 1949, yol. 20, Sept., pp. 94- 
97). A method called the theory of limit design. for accurately 
ealevlating the static bending strength is described and its 
applications to the cases of a crane hook, a shackle, and a 
lifting ring are given.—R. A. R. 

Influence of the Size of Specimens on the Sensitivity to 
Notching of Steels and Light Alloys. S. E. Belyaev. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, July, pp. 821-828). [In 
Russian}. The influence of the size of the specimen on the 
results of tensile tests for materials of different degrees of 
plasticity is discussed, and tests on notched and smooth 
specimens of from 10 to 25 mm. in dia. are described. Tests 
were carried out with both symmetrically and asymmetrically 
applied stress, at room temperature and at 70°C. . The 
materials tested included a steel containing 0-33, of carbon, 
1-0°% of manganese, 1-16°% of silicon, 0-9°, of chromium, 
0-18% of nickel, 0-025% of sulphur, and 0-029% of phos- 
phorus, hardened and tempered at temperatures of 200°, 
400°, and 500° C.—s. kK. 

Viscous, Brittle and Boundary Cracks in Impact Tests. 
D. M. Zagorodskikh. (Journal of Technical Physics, U.S.S.R., 
1947, vol. 17, pp. 389-390 [in Russian]: Chemical Abstracts, 
1949, vol. 43, May 25, cols. 3760-3761). Steel samples with 
5mm. semicircular notches show two types of crack, viscous 
and brittle. The former are relatively superficial, penetrating 
no deeper than 1 mm, and are seen to turn around the grains 
and their fragments. Brittle cracks only appear in samples 
with a sharp notch. These pass mostly through the grains, 
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oceasionally changing their direction by 90°, continue towards 
inclusions of manganese sulphide, and end within a ferrite 
grain. A third type of crack runs along the boundary between 
deformed and non-deformed parts, following grains of included 
manganese sulphide. 

Iniluence of Surface Condition on the Low-Temperature 
Brittleness of Steel. FE. M. Chevandine. (Zavodskaya 
Laboratoriya, 1947, vol. 13, No. 5, pp. 596-600 [in Russian 
| Abstract} Centre de Documentation Sidérurgique, Bulletin 
Analytique, 1948, vol. 5, Dec., p. 54). An account is given 
of the determination of the critical temperature of the passa ge 
from the viscous state to the brittle condition of test-pieces 
of mild steels and a steel containing 0- 25°, phosphorus, 0- 10% 
carbon. Data are presented on the breaking strength otf 
notched and unnotched specimens (with different degrees of 
machining to correspond to different surface conditions) f 
temperatures trom 20° C, to 200°C. 

Low-Temperature Brittleness of Steel Under Stress. |). J 
Zagorodskikh. (Journal of Technical Physics, U.S.S.R 
1948, vol. 18, Jan., pp. 55-88). In Rus ian A 

Study of Hardening Cracks. ‘I’. Mishima and T. Mit 
hashi. (Tetsu to Hagane, 1946, vol. 32, July—Sept.. pp. 4-6 
in Je panese | : Abstract} Centre de Do imentation Sideru 
gique, Bulletin Analytique, 1948, vol. 5, Dee., p. 34). Phe 
authors have studied (1) the influence of nickel : it lowered 
the transformation temperature and reduced the tenden 
towards cracking ; (2) the formation of cracks in high-carbon 
steels and ( hromium Inhanvanese—sricon stec Is whi a 
explained by the presence of residual carbides; (3) tl 
influence of machining on the formation of hardening crack- 
in chromium—tungsten steels : cracks can be eliminated | 
annealing at a temperature where the hardness after normali 
ing is at a minimum; and (4) the influence of the dimensi 
of the part: cracks tend to decrease with decrease in t 
cdlimensions. 

Study of Fractures in Chromium and Chromium-Molyb- 
denum Steels. JT. Mishima and T. Mitsuhashi. (Tetsu to 
Hagane, 1947, vol. 33, July—Sept., pp. 15-16 [in Japanese 
| Abstract} Centre de Documentation Side rurgique, Bullet 


Analytique, 1948, vol. 5, Dee., p. DD The authors dis 
the form of fracture of hardened and quenched steels as t} 
impact force is Increased, cup-shaped, radial, and conical 
fractures being observed. For non-hardened steels no 


relationship was found between the type of fracture and thi 
impact force, The following conclusions were reached : 
(1) The fracture of Jow-carbon steels was never of the racial 
type ; (2) the fractures of carbon and chromium—molybden 
steels are similar ; and (3) the surface zone of water-hardened 
steels is more brittle than that of oil-hardened steels : 
fracture of the latter being cup-shaped. 

The Investigation of Steel Plating by Means of Notched 
Test Bars. J. A. Haringx. (Ingenieur, 1948. vol. 60. Dec. 17. 


p. Mk. 141 [in Duteh]: [Abstract] Journal of The Briti 
Shipbuilding Research Association, 1949, vol. 4, Feb.. p. G4). 
The author reviews notched-bar research on the britt! 


fracture of mild-steel plating and presents a critical discussion 
of the methods developed and results obtained by Britisl 

American, Dutch, and Belgian research workers. He ‘ 
plains the fundamental difference between brittle fracture 
which, like the related cleavage fracture, oceurs instan 
taneously at 
without any noticeable permanent deformation, and the shear 
type of fracture. Whereas the surface obtained by britt! 

fracture is bright, that obtained under shear is dull. and its 
orientation is in the first case perpendicular and in the second 
case at 45° to the maximum normal stress. The most reliable 
characteristic of a fracture of the brittle type is, however, the 
absence of an appreciable reduction of section. Such frac- 
tures are propagated at speeds of between 3300 and 5000 
ft./see. He gives a number of fundamental rules on brittle 

fracture tests with notched-bar specimens and describes the 
Charpy notch-impact test, the Schnadt notch-impact test, 
the Campus notch-tensile test, and Soete’s notch-bending 
test. 

Impact Viscosity of Metals at 258°C. V. I. Kostenets, 
B. G. Lazarev, V. I. Khotkevich, and M. G. Shikhman. 
(Journal of Technical Physics, U.S.8S.R., 1948, vol. 18, Sept., 
pp. 1149-1155. [In Russian]: Physics Abstracts, 1949, vol. 
52, June, p. 343). A method is given for the rapid determina 
tion of the impact viscosity of specimens at the temperature 
of liquid nitrogen and hydrogen ( — 196° and 253° C.). At 


a very small overload under normal stress and 
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these temperatures three types of metal were investigated, 
viz., copper M-3, cast iron LS-62, and cast iron LS-59. 

The Plasticity of Steel in Relation to Its Surface Finish. 
F. P. Rybalko and M. V. Yakutovitch. (Doklady Akademii 
Nauk 8.8.8.R., 1949, vol. 64, No. 5, pp. 673-674 : [Abstract ] 
Index Aeronauticus, 1949, vol. 5, June, p. 78). The experi- 
ments show that plasticity is in some cases greatly influenced 
by the surface finish of the material ; for all annealing tem- 
peratures both the true and the maximum slip in torsion are 
considerably better for highly polished than for rough sur- 
faces, the greatest difference being observed at annealing 
temperatures between 300-600° C. The ultimate conclusion 
is that small surface cracks of the order of 2 10~* of the 
diameter on the surface of a sample in torsion, have a great 
effect on the plasticity of a material. 

Study of Microplasticity of Technical Alloys with the Aid 
of a Microlattice. T. I. Gudkova, N. E. Karskii, and G. I. 
Sobolev. (Zavodskaya Laboratoriya, 1949, vol. 15, July, 
pp. 818-821). [In Russian]. In the technique described, 
a rectangular lattice is scratched on the surface of the specimen 
by means of the diamond prism of a microhardness testing 
instrument. The load on the prism during the making of 
the lattice is about 1 kg., the table of the microscope of the 
instrument, to which the specimen is fixed, being moved to 
give a network of scratches with interscratch distance of the 
order of hundredths of a millimetre. Photomicrographs, 
shown to illustrate the appearance of the micro-lattice on 
deformed specimens, include those of wrought iron.—s. K. 

The Influence of the Change from Static to Dynamic Tension 
on the Nature of the Plastic Deformation of Steel. B. A. 
Krupitskii. (Zavodskaya Laboratoriya, 1949, vol. 15, July, 
pp. 831-834). [In Russian]. From the results of experi- 
ments with varying speeds of deformation carried out on 
specimens of a constructional, chromium—molybdenum steel 
after different heat-treatments, the following conclusions are 
drawn : (1) The evaluation of the plastic deformation on the 
results of static and dynamic rupture of specimens of steels 
of different compositions should be carried out with the 
separate consideration of the deformation at the neck, at 
portions adjacent to the neck, and at other portions of the 
specimen ; (2) the deformation in the part of the specimen 
not near the point of rupture is independent of the nature of 
the rupturing force for steels of different constitution ; and 
(3) at and near the neck, however, the nature of the variation 
of deformation with the type of tension is affected by the 
heat-treatment to which the steel under test has been sub- 
jected.—-s. kK. 

General Considerations on the Problem of Decohesion. 
W. Soete. (Metallurgia Italiana, 1949, vol. 41, July—Aug., 
pp. 175-180). [In French]. After outlining the problem of 
brittle fracture in welded structures, the author illustrates 
the factors which influence the choice of a test for the study 
of brittleness. He suggests a static bending test on a notched 
bar with measurement of the degree of deflection. He also 
studies the factors (formation of the crack and its propagation) 
which affect the various stages of the test, and the criteria for 
the evaluation of the results.—Rr. F. F. 

Influence of the Yield Point on the Fatigue Strength of Steel. 
M. Hempel and H. Krug. (Iron and Steel Institute, Trans- 
lation Series, 1949, Oct., No. 386). This is an English trans- 
lation of a paper which appeared in Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir Eisenforschung, 1942, vol. 24, 
No. 7, pp. 97-103 and Archiv fiir das Eisenhiittenwesen, 1943, 
vol. 16, Jan., pp. 261-268. (See Journ. I. and S.I., 1942, 
No. II, p. 88a). 

The Fatigue Problem in Metals with Special Reference to 
Wire Materials. J. N. Kenyon. (Wire and Wire Products, 
1949, vol. 24, Apr., pp. 317-319). Some early research work 
on fatigue is noted and three corrosion-fatigue curves from 
the author’s own tests, previously reported, are presented. 

Investigation of Hardness by the Indentation Method. I. L. 
Mirkin and 8. I. Novak. (Zavodskaya Laboratoriya, 1949, 
vol. 15, July, pp. 835-841). [In Russian]. Experiments are 
described in which indentation tests of the hardness of Armco 
iron and steels of Rockwell B hardness ranging from 24 to 
65 were made, the indentation being made with spheres of 
different hardness and diameters up to 10mm. _ The greatest 
load applied was 4000 kg., and a simple relationship was found 
to exist between the load and the diameter of the indentation. 
The ranges of specimen hardness over which indentation with 
spheres of various hardnesses is satisfactory are given. The 
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influence of the conditions of the test on Brinell hardness is 
considered.—s. K. 

On Testing for Prolonged Hardness. A. P. Gulyaev and 
E. F. Trusova. (Zavodskaya Laboratoriya, 1949, vol. 15, 
July, pp. 842-844). [In Russian]. Consideration of some 
non-ferrous alloys leads to the conclusion that the method of 
prolonged hardness-testing is not suitable for the evaluation 
of certain high-temperature properties.—s. K. 

Testing Surfaces for Wear. (Product Finishing, 1949, vol. 
2, Sept., pp. 70-72). The Taber Instrument Corporation of 
America has brought out an instrument calJed an ‘ Abraser ’ 
for assessing the wear resistance of surfaces. The specimen 
to be tested is rubbed alternately by the flat faces of two 
weighted abrasive wheels. These wheels revolve in opposite 
directions through frictional contact with the specimen and 
exert a combined abrasive, compressive, and twisting action 
twice in each revolution of the specimen holder. <A range of 
wheels is available to suit different surfaces such as electro- 
plated coatings, enamel, plastics, leather, and textiles. The 
wear is determined by the loss in weight at the end of 1000 
cycles with a given load on the wheels.—R. A. R. 

A Recent Development in Soft Magnetic Materials. H. H. 
Scholefield. (Journal of Scientific Instruments, 1949. vol. 26, 
June, pp. 207-209). The article describes the development, 
manufacture, structure, and properties of a new magnetic 
material ‘ H.C.R.,’ characterized by a rectangular hysteresis 
loop, particularly suitable for use in the circuits of magnetic 
amplifiers, heavy current mechanical rectifiers, and similar 
devices. The correlation of the magnetic properties with 
preferred orientation is discussed, and its use in two applica- 
tions is briefly described.—R. A. R. 

Magnetic Materials for Electrical Power Plant. F. Brails- 
ford. (British Association: Engineering, 1949, vol. 168, 
Sept. 16, pp. 293-296). The improvement of the magnetic 
properties of materials used in magnetic circuits would result 
in benefits to the whole electrical industry. The paper 
reviews the progress and possibilities in this direction. 
Yensen, Cioffi, and others have shown that, if steel and sheet - 
making processes are controlled to keep impurities to a 
minimum and to produce a larger grain-size, then considerable 
improvement in magnetic quality is possible. It is now 
American practice, for some grades of hot-rolled material, 
to reduce carbon by a decarburizing treatment on the sheet 
in its final thickness, and to obtain larger grain-size by a 
special rolling technique.—R. A. R. 

Effect of Stress on the Hall Electromotive Force in Iron- 
Nickel Alloys with Positive Electrodes. G. P. Priporova. 
(Journal of Experimental and Theoretical Physics, U.S.S.R., 
1948, vol. 18, pp. 1041-1044 : Chemical Abstracts, 1949, vol. 
43, May 25, col. 3765). 

Soft Iron for the Electromagnet of a Cyclotron. J. J. 
Went. (Philips Technical Review, 1949, vol. 10, pp. 246- 
254: Chemical Abstracts, 1949, vol. 43, June 10, col. 4199). 
The optimum charactgristics for the ferromagnetic material 
for cyclotron cores are discussed. High saturation values 
and high remanence are required. A pure iron, free from 
internal strains and non-magnetic inclusions, is shown to 
satisfy the requirements. A mixture of iron and iron oxide 
was melted under a layer of molten slag until the carbon 
content dropped below 0-06%. Excess oxygen was removed 
immediately before casting by adding sufficient aluminium 
to leave 0-5% aluminium in the melt. Formation of graphite 
by the remaining carbon is promoted by adding 0-5% of 
silicon. Final chemical composition is Fe 98-9%, C 0-05%, 
Si 0-45%, Al 0-35%, and Mn 0-25%. The magnetizing 
force necessary to give a magnetization of 1-5 Weber/ 
sq. m. was 8 x 10-4 Weber/sq. m. and the coercive force was 
(0-3 to 0-7) x 10-4 Weber/sq. m. Application of the alloy 
to relay magnets is suggested. 

Magnetic Permeability of Certain Materials with Weak 
Audio and Supersonic Frequency Fields. Y. P. Selisski and 
G. A. Matveev. (Hlektrichestvo, 1948, Sept., pp. 60-62 [in 
Russian]: Electrical Engineering Abstracts, 1949, vol. 52, 
Sept., p. 348). Graphs showing variation in permeability 
are given for various standard hot and cold rolled transformer 
steels up to 14 kes. The relation is also given between effec- 
tive permeability and frequency for varying strip thickness 
of strip-wound toroidal cores. Figures are given for 78% 
and 45% nickel Permalloy and 78% nickel + 4% molyb- 
denum Permalloy. The figures given for initial permeability 
enable the approximate values of magnetic properties to be 
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calculated at higher field intensities by methods outlined in 
a previous paper (Elektrichestvo, 1948, Feb., p. 38). The 
data enable the correct material and strip thickness to be 
chosen for particular applications. 

Atomic Magnetic Moments of Metals of the Iron Group 
and Inter-Atomic Distances. F. M. Galperin. (Journal of 
Experimental and Theoretical Physics, U.S.S.R., 1949, vol. 
19, May, pp. 451-459 [in Russian]: Physies Abstracts, 1949, 
vol. 52, Sept., p. 600). The relation is studied between the 
atomic magnetic moments of the hard face-centred cubic 
metals of the iron group and their inter-atomic distances. 
Numerical relations are given suitable for calculations. The 
investigation was based on the zonal theory of metals which 
satisfactorily explains the connection between the said 
characteristics. The same relations could also be found to 
exist in alloys and chemical compounds of these metals and, 
in a particularly striking way, in tellurides of chromium. 

Calculation of the Skin Effect in Sheet Steel Considering 
the Dependence of the Permeability on the Magnetic Field 
Intensity. S. D. Margolin. (Journal of Technical Physics, 
U.S.S.R., 1948, vol. 18, Oct., pp. 1306-1316 [in Russian] : 
Electrical Engineering Abstracts, 1949, vol. 52, July, p. 263). 
The given method enables the distribution of the field strength 
and flux density over the thickness of the sheet to be deter- 
mined with satisfactory accuracy for the case of an alternating 
field. It was found that for practical purposes Thomson’s 
formule may be used without hesitation, provided that the 
constant permeability value used corresponds to the mean 
value of the amplitude of the magnetic field strength taken 
over the thickness of the sheet. 

Shift of the Curie Point of Ferromagnetic Alloys under the 
Influence of Extension. K. P. Belov. (Journal of Experi- 
mental and Theoretical Physics, U.S.S.R., 1949, vol. 19, 
Apr., pp. 346-352 [in Russian]: Physics Abstracts, 1949, 
vol. 52, July, p. 410). Using the thermodynamic relations 
and experimental data on the effect of the variation of the 
saturation value of the magnetization by extension obtained 
by the author in the region of the Curie point, the magnitude 
of the displacement of the Curie point for nickel and a number 
of alloys under tensile stress was determined. The displace- 


ment is found to be quite appreciable for some groups of 


alloys of the systems : Fe—Ni, Fe—Pt, Fe—Ni-Cr, Fe—Ni-—Co, 
distinguished by a considerable para-process (Invar steels), 
but very small for nickel and nickel-copper alloys. The 
selection of the latter materials by some authors for the 
immediate experimental demonstration of the effect of the 
displacement of the Curie point must therefore be regarded 
as unfortunate. The terrestrial magnetism cannot be ex- 
plained by the ferromagnetism of the earth core, as iron, 
nickel, and iron—nickel alloys exhibit a lowering of the Curie 
point at high pressures. 

Magnetisation of Iron Wires in Tension. F. Baratta and 
A. Milone. (Nuovo Cimento, 1948, vol. 5, Apr., pp. 58-67 : 
Physics Abstracts, 1949, vol. 52, May, p. 249). <A stretched 
iron wire in a direct-current field shows an increase in induc- 
tion in the elastic region, decrease in the plastic region, and 
a final increase just before rupture. Broken pieces show 
increased residual magnetization. An explanation in terms 
of Villari effect and anisotropy is indicated. 

Permeability of Austenitic Steel. Z. A. Sviridova and G. V. 
Estulin. (Journal of Technical Physics, U.S.S.R., 1948, vol. 
18, Sept., pp. 1207-1209 [in Russian] : Electrical Engineering 
Abstracts, 1949, vol. 52, July, p. 263). A new method and 
measuring equipment based on Faraday’s method, are 
presented. Results obtained on an austenitic steel of the 
composition 0-45% C, 14-4% Cr, 15-0% Mn, and 2-5% W 
ure reported. When heated up, the permeability is very low 
(~ 10 x 10°*). Tempering for 100 hr. at 50C-600° causes 
little change. Continuation of tempering leads to a notable 
increase of the permeability after 250 hr., and a maximum 
is reached after 500 hr. tempering at 600-650°. A value of 
about three-and-a-half times the normal permeability is 
attained. The phenomenon might be explained by the 
instability of the CrMn-austenite, formation of carbides during 
the tempering process, and partial ya phase conversion, 
the latter being also confirmed by X-ray analysis. 

Coercive Field and Crystalline Dimensions. F. Bertaut. 
(Comptes Rendus, 1949, vol. 229, Aug. 8, pp. 417-419). The 
magnetic properties of an iron powder depend largely on its 
texture. The present paper is concerned with the relation 
between the coercive field and the Bragg dimensions.—aA. E. C. 
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Non-Destructive Testing of Materials by the Magnetic 
Powder Technique. F. A. W. Miiller. (Archiv fiir tech- 
nisches Messen, 1948, Aug., No. 156 (v91191-1), pp. 195-97 : 
Electrical Engineering Abstracts, 1949, vol. 52, June, p. 189). 
Methods of magnetization of the specimen and _ suitable 
powders for use in magnetic crack detection are considered. 
The sensitivity of the method is discussed and results given 
showing the effect of crack size, depth below the surface, and 
type of steel. 

The Nature of the Composition-Property Curves of Metal- 
lurgical Solid Solutions at High Temperatures [Fe-Ni and Fe 
Ni-Cr]. A. M. Borzdyka. (Doklady Akademii Nauk 8§.8.8.R.., 
1949, vol. 65, No. 4, Apr. 1, pp. 505-507 [in Russian] : 
[Abstract] Bulletin of the British Non-Ferrous Metals Research 
Association, 1949, Sept., p. 391). The electrical resistivity 
of the alloys iron-nickel and iron—nickel-chromium at 
temperatures up to 1000° C. and the hardness of iron—nickel 
chromium up to 700° C. are determined. Only the resistivity 
curves for the binary alloys exhibit well-defined maxima (at 
low temperature ; they flatten with rise in temperature). 

Ultrasonic Principle Flaw Detector. (Instruments, 1945, 
vol. 21, July, pp. 596-597). A description is given of a 
portable apparatus for the detection of flaws in metals and 
welds. 

Precision [Symmetrical] Focusing Camera for the X-ray 
Study of Bodies at Various Temperatures. T. ©. N’Guyen. 
(Annales de Radioélectricité, 1948, vol. 3, July, pp. 214-220: 
Physics Abstracts, 1949, vol. 52, July, p. 441). The camera 
is of the Seeman-Bohlen type, 11-46 cm. in dia. Tempera- 
tures up to 750° C. are reached without special cooling of the 
film. 

Machine for the Creep Testing of Metals. Ya. S. Gintsburg 
and N. D. Zaitsev. (Zavodskaya Laboratoriya, 1949, vol. 15, 
July, pp. 878-882). [In Russian]. A machine for creep 
testing with automatic temperature control and recording of 
deformation is described. The length and diameter of the 
specimen are 25-40 mm. and 5-8 mm., respectively, the 
maximum tensile force being 750 kg.—s. kK. 

Damage Curves in Creep Tests. A. Thum and K. Richard. 
(Archiv fiir das Eisenhiittenwesen, 1949, vol. 20, July—Aug., 
pp. 229-242). The mechanism of deformation and fracture 
of steel under static loads at different temperatures is discussed 
and methods of constructing damage curves are shown. At 
the beginning of deformation a certain strengthening of the 
crystalline structure takes place which conceals the damage ; 
continued application of load leads to visible and permanent 
damage during which there is a continuous change in the 
tensile strength, elongation, reduction in area, and impact 
strength. Plastic movement takes place along the grain 
boundaries in the equicohesive temperature range and is 
greater at high temperatures. Curves demonstrating these 
changes are reproduced, methods of determining the per- 
missible degree of damage in certain circumstances are dis- 
cussed, and the need for creep tests of long duration is pointed 
out.—R. A. R. 

Investigations on the Suitability of Chromium-Vanadium 
Steels for Tools for Hot and High-Speed Work. W. Connert, 
E. Maurer, and R. Scherer. (Archiv fiir das Eisenhiitten- 
wesen, 1949, vol. 20, May-June, pp. 179-188). A study of 
the iron corner of the iron—carbon—chromium—vanadium 
diagram revealed the following suitable composition ranges : 
(a) Tools for hot-working: C 0-30-0-50%, Cr 3%, and V 
1-2% ; (b) for high-speed machining : C 1-1-5%, Cr 10-15%, 
and V 2-5%. ‘Tests indicated that for hot-working under 
not very severe conditions a good composition was C 0-45%, 
Cr 3%, and V 1%, and for severe conditions 1% of tungsten 
should be included ; the latter steel, however, would not be 
quite so good as the better known composition Cr 2-75%, 
V 0-5%, and W 4-25%. The chromium-—vanadium high- 
speed steels were not as good as the steels containing molyb- 
denum used as substitutes for the 18% tungsten high-speed 
steels, which agrees with results in the Russian literature, but 
additions of 1-5-2-0% of silicon, contrary to Russian results, 
did not improve cutting efficiency. Additions of up to 2% 
of cobalt also made no improvement. Two compositions are 
recommended for high-speed turning; these are: (1) C 
1-1-5%, Cr 9-10%, V 3-0-3-5%, and W 3-0-4-0% ; and 
(2) C 1-0-1-2%, Cr 9-10%, Mo 2-7-3-0%, and V 3-0-3-5%,. 

R. A. R. 

Effect of Manufacturing Practice on Creep and Creep- 

Rupture Strength of Low-Carbon Steel. G. V. Smith and 
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E, J. Dulis. (American Society for Testing Materials, 1949, 
Preprint No. 18). Data are presented of comparative creep 
to rupture tests at 850° F. for periods up to 3500 hr. on twelve 
heats of normalized low-carbon steel made by different melting 
and deoxidation practices. Excluding a rimming steel and 
ignoring the possible effect of differences in chemical composi- 
tion and structure, the weakest of the open-hearth steels 


tested was that deoxidized with the greatest amount of 


aluminium, and the strongest, that deoxidized with silicon 
but no aluminium. Bessemer steels (other than a rimming 
heat) were similar to one another in degree of deoxidation and 
showed uniform results ; it is presumed, however, that the 
réle of deoxidation in Bessemer steels is as important as in 
open-hearth steel. The agreement in the results of similarly 
deoxidized Bessemer steels indicated that the range of creep 
properties in carbon steel can be controlled within narrow 
limits, provided attention is given to known variables. The 
influence of type of refining process, Bessemer or open-hearth, 
is indicated to be a minor one relative to the effect of deoxi- 
dation practice.—J. Cc. R. 

Study of the Graphitization of Chromium—Copper Cast Irons. 
T. Mishima and T. Mitsuhashi. (Tetsu to Hagane, 1946, 
vol. 32, July—Sept., pp. 10-13 [in Japanese]: [Abstract] 
Centre de Documentation Sidérurgique, Bulletin Analytique, 
1948, vol. 5, Dec., p. 73). Graphitization of a cast iron with 
1-7—1-8% of carbon, 0-4—0-5% of chromium, 1-5-2-5% of 
copper, was effected in the two stages, appearance of the 
graphite, and dissolution of graphite in the y-phase, which 
accompanied an increase in hardness. 

Methods of Increasing the High Temperature Resistance 
of Gas-Turbine Parts. V. Reniger. (Revue Générale de 
Mécanique, 1949, vol. 33, Sept., pp. 363-374 ; Oct., pp. 411- 
418). The author discusses the properties and uses of the 
materials used in the manufacture of gas turbines. These 
materials must be able to withstand the high temperatures 
found in gas turbines and must have good creep properties. 
They include heat-resisting alloys and ceramic materials. A 
table of 73 alloys, mainly English and American, showing 
whether austenitic or ferritic, the composition, mechanical 
characteristics, uses, and manufacturers, is presented. The 
methods of cooling parts exposed to high enh enataneel 
are also discussed.—R. F. F. 

Heat epee ye of Ferronichrome and Nichrome. A. M. 
Borzdyka and G. V. Estulin. (Stal, 1947, vol. 7, pp. 823-830 
[in Russian]: Chemical Abstracts, 1949, vol. 43, June 10, 
col. 4206). 

Existence in Iron and Steel of a Reversible Development at 
Low Temperature of Brittleness due to Hydrogen. P. Bastien 
and P. Azou. (Comptes Rendus, 1949, vol. 229, Sept. 12, 
pp. 549-551). If low-carbon steel is charged with hydrogen 
(by acid attack or by electrolysis) hydrogen brittleness 
develops in it at room temperature. If the temperature is 
lowered the brittleness disappears on passing through a 
temperature range below —110° C.; on warming up again, 
the brittleness returns. The authors’ explanation is that the 
brittleness is due to the pressure of hydrogen in voids in 
crystalline structure of the metal, which sets up triaxial 
stresses that oppose the plastic deformations by slip. At 
low temperature the thermal agitation of the hydrogen in the 
voids decreases, whilst at —110° C, the concentration of the 
hydrogen adsorbed on the walls of the voids changes from 
activated adsorption to physical adsorption, the former being 
much the weaker. The authors’ study shows that hydrogen- 
brittleness, being reversible, is not the result of cold-work. 

A.E. C. 

Effect of Hydrogen on the Mechanical Properties of Steel. 
V. Ya. Dubovoi and V. A. Romanov. (Stal, 1947, vol. 7, 
pp. 727-731 [in Russian]: Chemical Abstracts, 1949, vol. 43, 
June 10, cols. 4200-4201). The effect of hydrogen was 
studied on a martensitic steel containing C 0-29%, Cr 1-42%, 
Mn 0.42%, Ni 4.20%, and Mo 0- rte a pearlitic steel con- 
taining C 0: 95%, Mn 0-33%, and Cr 1-51%, and a pearlitic 
steel containing C 0-189 and Mn 0-34%. Specimens were 
electrolytically etched in 5% sulphuric acid at room tempera- 
ture. The concentration of hydrogen in the specimens was 


varied by varying the composition of the bath, duration of 


treatment, and current. After saturation with hydrogen, 
the specimens were tested immediately (duration 20-25 min.) 
and 10-12 min. after the tests hydrogen was determined in 
the specimens by hot extraction. Corrections were made for 
the hydrogen lost during this interval. The rate of hydrogen 
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absorption depended on the chemical composition and the 
structure of the steel. An increase in the content of carbon 
or alloying elements, or in structural dispersion lowered the 
rate of absorption. The absorbed hydrogen lowered the 
tensile strength and impact elasticity, and particularly the 
relative reduction and elongation. The elastic limit and the 
yield point were increased by hydrogen but only up to a 
certain concentration of it. At a certain concentration of 
hydrogen different for the different steels, the specimens lost 
their elastic properties entirely and broke without necking. 

Effect of Alloying Elements on the Properties of High Alloy 
Austenitic Steel. A. P. Gulyaev. (Stal, 1947, vol. 7, pp. 
928-936 [in Russian]: Chemical Shaaban, 1949, vol. 43, 
June 10, col. 4201). The effect of alloying elements was 
studied on a number of specimens in which carbon, chromium, 
tungsten, molybdenum, titanium, nickel, cobalt, and nitrogen 
contents were varied. The basic steel used in these experi- 
ments was a 14% chromium, 14% nickel steel. Heating the 
steel from 1000° to 1200° caused the grain to grow. The 
extent of the growth depended on the alloying element. ‘Thus 
carbide-forming elements (tungsten, molybdenum, titanium), 
additional chromium, and carbon to favour carbide formation, 
retarded the grain growth of the austenite. Elements forming 
no carbides (nickel, nitrogen, cobalt) had no effect on the size 
of the austenite grain. The formation of carbides was studied 
ant ayers ally and réntge nographically. At a carbon content 
of 0.15% no carbide phase was observed. Cr;C, was observed 
at a carbon content of 0-76%. Cobalt and nickel enhanced 
the formation of this carbide even at lower concentrations 
of carbon. Tungsten dissolved in chromium carbide and 
formed its own carbide when its concentration reached 7° 
Small additions of titanium formed titanium carbide and at 
0-7% titanium even Cr,.C, disappeared. At the same carbon 
content am increase in the concentration of chromium, 
tungsten, nickel, and cobalt found more of the alloying ele- 
ments in the austenite. An increase of carbon beyond 0-5 
0-6% reduced the chromium in the austenite. As the carbon 
content increased beyond 0-15%, a rise in the hardening 
temperature caused the carbide phase to dissolve gradually 
in the austenite, but at 0-4% carbon and higher. the earl 
did not dissolve entirely. An increase in the hardening 
temperatures in all cases caused a reduced hardness ; this is 
attributed to an increase in the grain-size of austenite. Of 
the elements tested, carbon was most effective in improving 
the hardness (at the same grain-size). Of the other elements 
chromium, tungsten, molybdenum, and titanium increased 
the hardness somewhat while nickel and cobalt lowered it. 
On the resistance to scaling, carbon, nickel, and titanium had 
no effect. Chromium reduced the resistance as did tungsten 
at low temperatures ; at elevated temperatures, tungsten 
lowered the scale resistance. Steels with 14-7 and 19-8°, 
of cobalt resisted scaling at 1200°. Creep in these alloys was 
studied at 650° at 6-12 kg./sq. mm. stress for 1000-1500 hr. ; 
0-15-0-76% carbon had no marked effect on the 
resistance. The alloying elements did not show any 
siderable effect on the creep ; the structure of the metal was 
of greater importance in affecting creep under the conditions 
of these experiments. 

Refining the Grain Size of Steels ty the Addition of Alu- 
minium. O. gus (Metallurgia Italiana, 1946, vol. 3s, 
Jan.-Mar., pp. 2 : [Abstract] Centre de Hg emery 
Sidérurgique, Rsk Analytique, 1946, vol. 5, Dec., p. 
An account is given of an experimental stay of the effect 
of increasing additions of aluminium (0 to 0-5°%) on the grain- 
size (using the McQuaid test) of steels produced in the electric 
furnace. Grain-size diminishes very sharply at first, then 
passes through a minimum with 0-05% aluminium and then 
increases slowly. Data are presented on variations in 
mechanical properties (breaking Joad, elastic limit, modulus 
of elasticity, elongation, impact strength) and the influence 
of heat-treatment. 


The Annealing Properties of Low-Boron Steel. 8S. M. 
Vinarov. (Journal of Technical Physics, U.S.S.R., 1949, vol. 
19, Feb., pp. 248-250: [Abstract] Index Aeronauticus, 1949, 
vol. 5, Aug., p. 55). Experimental investigations show that 
steels with 0-003 to 0-004% of boron have better annealing 
and tempering properties than steels with greater or less 
boron content ; the i improvement is associated with a decrease 
in the true grain-size of the austenite, which contradicts 
current views on the subject. 
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Mechanical Properties of Low-Carbon, Low-Alloy Steels 
Containing Boron. W. E. Bardgett and L. Reeve. (Journal 
of The Iron and Steel Institute, 1949, vol. 163, Nov., pp. 
277-294). The paper describes the results of mechanical tests 
on several series of low-carbon (0-04 to 00-18%), low-alloy 
steels containing boron, tested in the normalized condition. 
The outstanding feature of the results was the marked and, 
in certain cases, critical effect of molybdenum in the presence 
of boron in enhancing the maximum stress and yield stress, 
the critical amount depending on the remaining alloy content. 
Of the numerous steels examined, the most attractive was a 
low-carbon molybdenum-—boron steel, the presence of the 
boron almost doubling the yield stress value and the steel 
at the same time retaining good ductility and toughness. 
Examination of mass effect indicated that high strength 
could be obtained in this steel provided that the boron content 
was within a definite range. 

Results are also given of tests on material rolled from a 
high-frequency cast and from two basic open-hearth casts, 
and these have confirmed the attractive properties shown by 
the experimental casts. In addition, the steel was found to 
be particularly free from cracking on welding. 

Role of Cobalt in Special Steels and Alloys. A. Michel. 
(Technique des Sciences Aéronautiques. 1948, No. 3, pp. 164-8). 

Influence of Cobalt Additions on Nickel-Chromium Steels. 
T. Mishima and T. Mitsuhashi. (Tetsu to Hagane, 1947, 
vol. 33, Jan.—Mar., pp. 6-7 [in Japanese]: [| Abstract] Centre 
de Documentation Sidérurgique, Bulletin Analytique, 1948, 
vol. 5, Dee., p. 64). Additions of 1—-3°% of cobalt were made 
to « 0-3%, earbon, 3°, nickel, 0-8, chromium steel, and the 
following points were noted : Variations in the transformation 
points A,, As, A,; hardness after annealing and hardening ; 
impact strength; breaking strength at 800° C.; austenitic 
grain growth ; and tendency to oxidation at 900° C. 

The Addition of Tungsten to Cast Iron. J. E. Hurst. 
(Metallurgia, 1949, vol. 40, June, pp. 101-102). The results 
of mechanical tests on cast irons to which tungsten has been 
added by different techniques are presented. Oxide of 
tungsten with the reducing agent calcium silicide yielded 
small amounts of tungsten in refined white iron, and up to 
|-12% of tungsten caused no increase in strength but a small 
increase in hardness. In another series, alloy cast irons with 
up to 7-40% of tungsten were prepared by adding molten 
high-speed steel and hematite pig iron. The tensile strength 
and hardness were considerably increased and the modulus 
of elasticity increased with rising tungsten contents.—R. A. R. 

Alloys and the Steel Industry. T. W. Merrill. (Iron and 
Steel Engineer, 1949, vol. 26, June, pp. 100-107). The 
author reviews the effects of adding different elements to 
steels on their properties. New developments in this field 
are discussed.—vJ. C. R. 

Developments in Alloy Steels. EF. Barber. (Canadian 
Mining Journal, 1949, vol. 70, June, pp. 71-73). The improve- 
ments in the properties of alloy steels and in the methods of 
testing them which have taken place during the 1939-45 
war are reviewed.—R. A. R. 

Steel with 8-9% Nickel. P.Puel. (Revue du Nickel, 1949, 
No. 2, p. 32: Métaux et Corrosion, 1949, vol. 24, Apr., p. 118). 
An account is given of the mechanical properties of steels 
with 8—9°% nickel and varying carbon contents. These steels 
are particularly suitable for applications where low tempera- 
tures are likely to be met.—J. c. R. 

American and French Rails Compared. Palme. (Revue 
Générale des Chemins de Fer, 1949, vol. 68, June, pp. 265- 
275: Railway Engineering Abstracts, 1949, vol. 4, Sept., 
p. 242). The author makes some very frank comparisons 
between the modern American rail and the latest rails used in 
France. He thinks that in France the problem of producing 
sound rail steel has tended to lead to a neglect in the develop- 
ment of the optimum section for any given weight. He 
admires the greater depth and the well-designed web of the 
American section, which he points out has enabled American 
permanent way to carry heavy axle loads at higher speeds 
under conditions of track maintenance that by European 
standards would be considered poor. The effect of indifferent 
maintenance on the riding of vehicles has been to a great 
extent neutralized by excellent design in the matter of bogies 
and springing. 

The Quality of and Satisfactory Service Obtained from Rails 
of Siemens-Martins Steel from Kerch. L. L. Pinkhusovich 
and O. N. Uskova. (Bulletin de Académie des Sciences, 
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U.R.S.S., Classe des Sciences Techniques, 1946, pp. 1421- 
1430 [in Russian] : Chemical Abstracts, 1949, vol. 43, June 10, 
cols. 4201-4202). The arsenic content of 0-09-0-15% 
appeared to have no influence on abrasion and break tests, 
or on the results of experimental operation. The phenomena 
of ageing and slight resistance to fatigue observed in the 
laboratory also had no effect on the service obtained from 
the rails. 

Production of Cold-Rolled Strip of Iron-Chromium~—Alu- 
minium Alloys. FP. S. Sakharov. (Stal, 1947, vol. 7, pp. 
749-755 fin Russian]: Chemical Abstracts, 1949, vol. 43, 
June 10, col. 4206). Experiments were carried out with 
alloys containing carbon—manganese-silicon—aluminium-tita- 
nium up to 8-7%. When the sum of these components was 
low, the critical point was below room temperature and the 
strip could be safely rolled cold without breaking. When the 
critical point was at room temperature or above, heating the 
strip above this point banished the brittleness. The critical 
point depended on the composition, but in the tested alloys 
did not exceed 260°. Heating before roiling to 700-750 
followed by quenching in water lowered the critical point 
by 60-70°. 
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A Compound Reflecting Microscope of High Aperture for 
Use in Ultra-Violet Light. B. K. Johnson. (Journal of 
Scientific Instruments, 1949, vol. 26, May, pp. 148-150). 
Compound microscopes are described in which the first 
magnification is produced by reflection from the back surface 
of a lithium fluoride meniscus lens, followed by a further 
dioptric magnification through fused quartz hemispherical 
lenses and a Ramsden form eyepiece corrected for ultra-violet 
light. The optical system is so designed that when focused 
in visible green light it is simultaneously in focus in ultra- 
violet light. Specifications are given and tables of the 
aberrations. The numerical apertures of the systems are 
0-84 and 1-27. 

The Application of the Electron Microscope in Metallography. 
N. P. Allen. (Institute of Metals, Symposium on Metal- 
lurgical Applications of the Electron Microscope, 1949, 
Monograph and Report Series No. 8, pp. 1-18). A general 
account is given of the development of the electron microscope, 
and of the resolution now achieved in relation to the magnitude 
of objects of interest to the metallographer. The need in 
metallographic work for speed, easy change of magnification, 
and controlled choice of the area to be examined is emphasized. 
The use of replicas is discussed: strength and stability are 
required in the replica material, and contrasts can be enhanced 
by shadowing the replica with meta! evaporated on to it 
from one side. The resolution attainable with plastic replicas 
is restricted by the molecular structure of the replica material, 
but can be of the order of 200 A. Improvement upon this 
resolution by the use of direct methods not involving replicas 
is dependent upon the development of methods of preparing 
very thin metal sections without distorting the structure. 
Metallurgical problems that can be fruitfully re-examined 
with the aid of the resolutions now attainable are discussed. 

Electron Microscopy in Metallurgy. P. Grivet. (Institute 
of Metals, Symposium on Metallurgical Applications of the 
Electron Microscope, 1949, Monograph and Report Series 
No. 8, pp. 19-36). The electron microscope affords an 
attractive tool for research in structural metallurgy, as may 
be seen from its optical properties. These are briefly outlined 
and shown to be uniform, irrespective of whether the instru- 
ment is of the magnetic or electrostatic type. The electro- 
static apparatus used by the author is described in detail, 
emphasis being laid on recent developments. A primary 
application of the instrument is to the study of powders ; the 
preparation of specimens, the methods of obtaining a sup- 
porting film, and the advantages of the ‘ shadowing ’ technique 
are discussed. A more difficult problem is the examination 
of metallurgical specimens by means of natural or artificial 
replicas. The latter are obtained in two ways, by the silica 
method or the shadow method. Considerable difficulties are 
still encountered in the preliminary operation of etching. 
A survey of results shows mariy promising achievements in 
the field of age-hardening and in studies of steel. The author 
ends his review of this field by examining possible new methods 
and non-classical procedures. 

The Use of the Electron Microscope in Metallurgical Research 
in Germany during and since the War. H. Mahl. (Institute 
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of Metals, Symposium on Metallurgical Applications of the 
Electron Microscope, 1949, Monograph and Report Series 
No. 8, pp. 37-41). A brief review is given of work on the 
application of the electron microscope to metallurgical 
problems in Germany during and since the war, mainly the 
investigation of the microstructures of aluminium alloys, 
copper-beryllium alloys, and steel. Replica and other 
techniques are mentioned, and reference is made to investiga- 
tions in fields bordering on that of metallurgy. 

A Replica Technique for the Examination of Fracture 
Surfaces with Electron Microscope. J. Nutting and V. E. 
Cosslett. (Institute of Metals, Symposium on Metallurgical 
Applications of the Electron Microscope, 1949, Monograph 
and Report Series No. 8, pp. 57-63). The aluminium-pressing 
technique allows the preparation of replicas of surfaces which 
are otherwise inaccessible to electron microscopy, and even 
to light microscopy. Experimental details of the method are 
described, together with artefacts introduced by the process. 
The resolving power of the replicas is 0-1 yp, this limit being 
imposed by the nature of the aluminium-polishing technique. 
The theoretical resolving power is 0-02 y. The technique 
has been applied in an examination of the fracture surfaces of 
a temper-brittle steel, a 4% silicon steel, a brittle mild steel, 
and pure iron. 

The Dry Stripping of Formvar Replicas from Etched Metal 
Surfaces. J. Nutting and V. E. Cosslett. (Institute of 
Metals, Symposium on Metallurgical Applications of the 
Electron Microscope, 1949, Monograph and Report Series 
No. 8, pp. 65-74). The dry-stripping plastic-film technique 
for preparing replicas of metal surfaces is described. The 
influence of etching conditions upon the stripping of Formvar 
replicas from pearlite and sorbite has been investigated in a 
range of carbon steels. The etching reagents used were 1% 
nital and saturated picral ; both gave similar results. It is 
believed that seizing of the replica in etching troughs is the 
factor which hinders stripping. Artefacts produced by 
tearing of the replica and by over-etching are illustrated. 
The estimated resolving power of a dry-stripped replica 
formed from a 2% solution of Formvar in dioxane is 0-04 yu 
(400 A). 

The Microstructure of a Water-Quenched Carburized Iron. 
J. Trotter, D. McLean, and C. J. B. Clews. (Institute of 
Metals, Symposium on Metallurgical Applications of the 
Electron Microscope, 1949. Monograph and Report Series 
No. 8, pp. 75-83). The structures of iron—carbon alloys 
have been examined with the electron microscope after 
various heat-treatments. A range of carbon contents in 
comparatively pure iron was produced by carburizing a block 
of Swedish iron. Specimens were examined after water- 
quenching from 950°C. in the austenite region, and after 
quench-ageing treatments in the a region. The electron 
micrographs show detail beyond that visible with the light 
microscope and reveal frequent films, apparently of high 
carbon content. 

A Note on the Examination of Metal Powders by the Electron 
Microscope. J. I. Morley. (Institute of Metals, Symposium 
on Metallurgical Applications of the Electron Microscope, 
1949, Monograph and Report Series No. 8, pp. 121-124). 
Tungsten powders manufactured by different methods were 
examined using the electron microscope and shown. to be of 
different grain-size. The effect of prolonged ball milling on 
particle size was also studied. The finest powders were 
beyond the range of the optical microscope. The greater 
resolving power of the electron microscope also proved useful 
in revealing more clearly the nature of aggregates of the 
coarser particles. Some typical electron micrographs are 
reproduced. 

Method of Investigating the Structures of Complex Alloy: 
in the Electron Microscope. D. 8S. Shraiber and E. K. 
Molchanova. (Zavodskaya Laboratoriva, 1949, vol. 15, July, 
pp. 806-810). [In Russian]. A method is described which 


permits the gradual transition from the optical to the electron * 


scale of magnifications in the examination of the micro- 
structures of complex alloys, and enables a particular detail 
of the microstructure to be observed at the highest magnifi- 
cations.—s. K. 

A Device for Polishing in Vacuum with High Speed Polishing 
Wheels and Simultaneous Inspection of Surfaces by Electron 
Diffraction. KR. Courtel and R. Léger. (Journal des Re- 
cherches du Centre National de la Recherche Scientifique, 
1948, No. 7, pp. 161-167: Physics Abstracts, 1949, vol. 52, 
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Sept., p. 611). The device is incorporated into Trillat’s 
electron diffraction tube and attached to the specimen holder 
in such a way that the specimen orientation control is not 
impeded. The polishing wheel is driven by a 700 cycles/sec. 
squirrel-cage motor situated in the vacuum with a speed of 
45,000 r.p.m. The freshly formed surfaces give electron 
diffraction diagrams showing orientation due to the polishing 
process. It is proposed to study physico-chemical properties 
of such surfaces. A preliminary survey has shown, for 
example, that a freshly polished mild steel surface has no 
trace of the oxide which immediately appears when air is 
admitted. 

Preparation of Polished Sections and the Revelation of the 
Microstructure of Metallic-Ceramic Solid Alloys. 1. N. 
Chaporova. (Zavodskaya Laboratoriya, 1949, vol. 15, July, 
pp. 799-805). [In Russian]. Methods are described which 
have been proved satisfactory for the preparation of sections 
of solid alloys, based on tungsten carbide, for the study of 
microstructure. Sections were prepared with the aid of a 
rotating carborundum disc, followed by preliminary polishing 
with boron tungstide powder wetted with paraftin. For 
further preliminary polishing, two sizes of alcohol-wetted 
diamond dust were used. Final polishing was carried out 
either with diamond dust down to | p particle size or with a 
suspension of alumina. The procedure for etching the 
polished sections and for identifying the microstructures is 
described and tabulated, some photomicrographs of typical 
structures being shown.—s. K. 

Effects of Various Deoxidizers on the Structures of Sulphide 
Inclusions. C. E. Sims, H. A. Saller, and F. W. Boulger. 
(American Foundrymen’s Society, 1949, Preprint No. 6). 
The authors describe the procedures followed and the data 
obtained in a study of the effects of ten elements on sulphide 
inclusion characteristics. The sulphides were divided into 
three groups according to their appearance. Type I were 
round, type II appeared as chains or films, and type IIT were 
angular. Type Il sulphides were produced by small additions 
of aluminium, zirconium, titanium, and magnesium. Boron 
gave sulphides somewhat resembling type II but larger. 
Type I inclusions were produced only by silicon, manganese, 
and vanadium. Type III sulphides were found only in steels 
containing residual amounts of aluminium or zirconium. 
Under certain conditions, such as for very low carbon or 
silicon contents or too large aluminium content in medium- 
manganese steel, aluminium failed to produce type III 
sulphides. Insoluble aluminium in aluminium-treated steels 
was found to be constant at about 0-006%. 

Interpretation of the ‘‘ Superfine ’’ Structure of the X-Ray 
Absorption Spectra of Solids. A. I. Kostarev. (Journal of 
Experimental and Theoretical Physics, U.S.8.R., 1949, vol. 
19, May, pp. 413-420 [in Russian]: Physics Abstracts, 1949, 
vol. 52, Sept., p. 585). The fine structure of the bands of the 
X-ray absorption spectra of solids is characterized not only 
by the position of their maxima and minima on the spectral 
scale, but also by their form (‘ hyperfine’ structure) and 
relative intensity. It is here shown how the latter can be 
explained on the author’s earlier theory (Journal of Experi- 
mental and Theoretical Physics, U.S.S.R., 1941, vol. 11, p. 60). 
Results are given of numerical calculations of the ‘ hyperfine ’ 
structure of copper and «-iron. Some consideration is also 
given to the influence of the type of crystal lattice on the 
character of the fine structure of the X-ray absorption. 

Scattering of Short Elastic Waves by a Crystal Lattice. 
I. M. Lifshits. (Journal of Experimental and Theoretical 
Physics, U.S.S.R., 1948, vol. 18, Mar., pp. 293-300 [in Rus- 
sian]: Physics Abstracts, 1949, vol. 52, July, p. 441). The 
theory given is based on the assumption of a single type of 
centres of diffraction. The formule obtained relate the 
amplitudes of diffracted waves and the shape of the wave 
surface with the law of dispersion. 

Deformation of the Crystal Lattice of a Metal Near the 
Surface. A. Glauberman. (Journal of Experimental and 
Theoretical Physics, 1949, vol. 19, Apr., pp. 300-303 [in 
Russian]: Physics Abstracts, 1949, vol. 52, July, p. 441). 
By means of simplified conceptions on the mean density of 
the electron gas in every elementary cell of a metal crystal, 
and an expression for the residual electric potential set up 
in the metal owing to the presence of the boundary surface, 
formule for the relative displacements of the ionic net of 
the crystal lattice of a metal of a face-centred structure in a 
direction perpendicular to the boundary surface are obtained. 
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A correction is calculated for the value of the surface tension 
of the metal which takes account of this deformation. 

Interplanar Spacings of Carbides in Steels. H. J. Gold- 
schmidt. (Metallurgia, 1949, vol. 40, June, pp. 103-104). 
Interplanar spacing values for identifying carbides in steels 
are not readily available in the literature, and the author 
presents a collection made for his own use by X-ray methods. 
For comparison, ferrite, austenite, and the sigma-phase, 
though not carbides, are also included.——R. A. R. 

Investigations on the Primary Crystallization of Unalloyed 
and Alloyed Steels. H. Wentrup and H. Schrader. (Archiv 
fiir das Eisenhiittenwesen, 1949, vol. 20, May—June, pp. 
165-178). The relation between primary crystallization and 
the formation of inclusions was studied using ingots of car- 
bonyl iron, ingot iron, ferritic iron—molybdenum alloys (Mo 
4%), austenitic iron—nickel alloys (Ni 35%), austenitic 
chromium-nickel steels, low-alloy chromium-—nickel steels, 
and other high-alloy steels. The manner in which primary 
crystallization was affected by deoxidation with aluminium, 
nitride formation, precipitation of sulphides, melting and 
casting temperatures, nature and temperature of mould, gas 
evolution, and additions of salts, was also investigated. 

The best method of reducing the transcrystallization zone 
(a zone of fine crystals adjacent to coarser directional crystals) 
which forms on solidification was by making additions to 
cause segregation in the melt or before the iron began to 
crystallize. Transcrystallization was lessened by gas evolu- 
tion and a reduction in the rate at which heat was conducted 
away. Transcrystallization ceases when the primary crystal- 
lization of the iron changes into the eutectic crystallization 
of the segregates and the iron crystals.—R. A. R. 

Orientation Relationship between Recrystallized Single Metal 
Crystals and Small Crystal Inclusions. P. Lacombe and A. 
Berghezan. (Métaux et Corrosion, 1949, vol. 24, Jan., pp. 
1-6). When single metal crystals were prepared by re- 
crystallization after critical straining, very small isolated 
crystals were observed on the surface and these resisted 
absorption into the single crystal even after prolonged heating. 
They were examined by X-ray and micrographic methods in 
the cases of pure aluminium (99-99%), Armco iron (99-8%) 
and an aluminium-—zine solid solution. From the results 
obtained the small crystals could be classified into two groups, 
one where their lattice was oriented precisely with that of 
the single crystal, the other where the orientation was random, 
or only roughly that of the single crystal. The former class 
probably arose during the growth of the single crystal, the 
latter are the remnants of the crystal structure preceding the 
critical straining.—J. ¢. R. 

Transformation of Austenite at Sub-Critical Temperatures. 
P. G. Baeza. (Instituto del Hierro y del Acero, 1949, vol. 2, 
yng June, pp. 9-26 ; July—Sept., pp. 28-30). [In Spanish]. 
A general study of the transformation of austenite is made. 
The first part of this article refers entirely to isothermal 
transformation, the form of the diagram, and its most salient 
points are analysed in relation to hardenability. The second 
part of the article describes the various methods at present 
used to construct time-temperature-transformation diagrams 


corresponding to continuous cooling of the austenite. These 
include micrographic, dilatometric, and magnetic methods. 
B. 8 


The Kinetics of the Transformation of Austenite into 
Martensite at Low Temperatures. G. V. Kurdyumov and 
O. P. Maksimova. (Iron and Steel Institute, Translation 
Series, 1949, Nov., No. 388). This is an English translation 
of a paper which appeared in Comptes Rendus (Doklady) de 
Académie des Sciences, U.R.S.S., 1948, vol. 61, pp. 83-86. 
See Journ. I. and 8.1., 1949, vol. 162, May, p. 124. 

Contribution to the Knowledge of the Carbides in Vanadium 
High-Speed Steels. H. Krainer and R. Mitsche. (Archiv fiir 
das Eisenhiittenwesen, 1949, vol. 20, May—June, pp. 197-198). 
Micrographical and X-ray investigations were carried out to 
determine whether vanadium carbide was present in addition 
to Fe,W;C in’ tungsten—chromium-—vanadium high-speed 
steels. Four of these steels with vanadium contents ranging 
from !-7 to 4-25% were studied. With up to 2% vanadium, 
vanadium carbides (V,C, and VC) were present in amounts 
increasing with the quantity of vanadium, in addition to the 
earbides Fe,W,C and F,W.,C. Vanadium carbide pre- 
dominated in a 2-5% molybdenum, 2-85°% vanadium, 1-3% 
tungsten steel ; this carbide is therefore able to dissolve the 
carbides of tungsten and molybdenum.—R. aA. R. 
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Thermodynamics of the Eutectoid Zone of the Carbon and 
Low-Alloy Steels. F. M. del Corral. (Instituto del Hierro 
y del Acero, 1949, No. 4, Apr.-June, pp. 27-37). [In Spanish]. 
The author studies the thermodynamics of the transformations 
in the solid state (eutectoid zone) in plain carbon and low- 
alloy steels. The first part deals with the iron—carbon 
system and considers the influence of carbon on the allotropic 
transformations of pure iron. The second part deals briefly 
with other binary systems and brings into focus the problem 
of more complex systems. The third part presents the 
problem of sub-critical temperature transformations, /.¢., 
those far from the equilibrium.—R. s. 

Reasons for the Existence of a Metastable Structure in the 
Ferro-Cementite System. N. N. Sirota. (Doklady Akademii 
Nauk S.8.8.R., 1949, vol. 64, No. 5, pp. 697-702 : [Abstract 
Index Aeronauticus, 1949, vol. 5, June, pp. 77-75). A 
mathematical analysis of the constitutional diagram on thx 
basis of the Kirchhoff-Schréder equation to determine the heat 
effect of dissolution of graphite and cementite in austenite and 
ferrite, leads to the conclusion that the rate of formation of 
ternary and binary nuclei depends greatly on (a) the value 
of the work of formation, (6) the likelihood of fluctuation of 
the concentration of the components, (c) the value of the 
energy of activation, and (d) the stresses arising in the forma- 
tion of the nuclei of the new phase. The rate of formation 
of the cementite nuclei is found to be much greater than that 
of the binary graphite nuclei, which explains the existence 
of the metastable iron—cementite system parallel with the 
stable iron—graphite system. 

On the Accuracy of the Construction of Solubility Limits 
in Binary Metallic Systems. 1. L. Rogelberg and 8. Ki 
Kipnis. (Zavodskaya Laboratoriya, 1949, vol. 15, July, pp. 
814-817). {In Russian]. The accuracy of the limits 
solubility of binary metallic systems is discussed in terms 
of the accuracies of the determination of properties and 
structure, of the chemical analysis, and of the measurement 
and regulation of temperature. It is concluded that most 
frequently the accuracy of the limits of solubility is controlled 
by the last of these. Some practical examples taken from 
non-ferrous systems are given.—S. K. 

Determination of the Velocity of Transformations in Solid 
Metals. A. G. Spektor. (Zavodskaya Laboratoriya, 194), 
vol. 15, July, pp. 797-799). [In Russian]. It is shown that 
the velocity of a transformation, taking place in an alloy, 
is equal to the product of the rate of change with time of t 
volume of the given phase per unit volume of alloy and th 
reciprocal of the corresponding surface. As an example of 
the use of this equation, the velocity of solution of th 
carbide phase in the austenite of a steel during heating 
calculated, the required experimental data being given 
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The Corrosion of Metals. W. H. J. Vernon. (Canto 
Lectures : Journal of the Royal Society of Arts, 1949, vol. 
97, July, pp. 578-610). This review of the nature of corrosion 
and methods of combating it deals with the subject unde 
the following headings: Lecture 1, GENERAL PRINCIPLES : 
(a) Economics of Corrosion, (b) Nature of Corrosion, (¢) Electré 
chemical Characteristics, (d@) Immersed Corrosion, (¢) Pro- 
moting and Controlling Factors, (f) Accelerated Corrosion 
Tests, (yg) Atmospheric Corrosion, (h) Study of Surface Films, 
(i) Breakdown of Films, (/) Distribution of Corrosion, 
(k) Anvrobic (Microbiological) Corrosion, (/) Underground 
Corrosion. Lecture I], PrRevenrarive Measures: Methods 
Based on (1) Modifications of Design or Procedure, (2) Modif 
cation of Environment, (3) Modification of Metal, and (4 
Protective Coatings.—R. A. R. 

Why Metals Corrode. H.H. Uhlig. (Corrosion, 1949, vol. 
5, June, pp. 169-174). This explanation of the theory ot 
corrosion covers the following aspects: Contact potentials, 
single electrode potentials, types of cells, corrosion tendencies 
of metals, corrosion and hydrogen over-voltage, depolariza 
tion, action of bacteria, effect of oxygen concentration, surface 
Be AcE. 


corrosion produc ts, and corrosion control. 

Corrosion Preventives and Their Assessment. |). L. 
Samuel. (Scientific Lubrication, 1949, vol. 1, Jan., p. 2: 
[Abstract] Journal of The British eee Research 
Association, 1949, vol. 4, Mar., pp. 158-159). The author 
discusses some of the fundamental prin ile of the manu- 
facture and use of these protectives. He describes the 
development of a dewatering protective, which produces a 
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film to displace water from a metal surface and leaves a 
protective film to prevent subsequent atmospheric corrosion. 
Two test methods were evolved to assess water displacing and 
protective properties, the *‘ Horizontal Water Displacement 
Test ’ and the ‘ Vertical Water Displacing Test,’ in both of 
which panels of mild steel are immersed in salt solution and 
then withdrawn and treated with the protective. Several 
tests have been devised to assess protective properties, the 
most popular being the humidity cabinet in which metal 
plaques can be exposed to variations of temperature and 
humidity. An account is also given of the use of non- 
dewatering protectives. 

The Corrosion of Iron and Steel in Water—Preventive 
Methods. F. N. Speller. (Métaux et Corrosion, 1949, vol. 

Jan., pp. 7-14). A survey is presented of developments 
in American methods of preventing corrosion of iron and 
steel by water and soils.—J. c. R. 

The Practical Problems of Corrosion. Part XII—The 
Influence of Corrosion on the Thermal Deposition of Calcium 
Carbonate. J. N. Wanklyn and U. R. Evans. (Journal of 
the Society of Chemical Industry, 1949, vol. 68, June, pp. 
171-173). Steel specimens partly immersed in calcium bi- 
carbonate solution develop a white band of calcium carbonate, 
the cathodic product, along the water-line. When subse- 
quently the surface is more deeply immersed in fresh bi- 
carbonate solution, the heat conveyed to the liquid through 
the steel, and the distribution of the calcium carbonate 
thrown out by thermal decomposition are almost unrelated 
to that of the calcium carbonate produced in the previous 
corrosion stage. Under the experimental conditions, the 
corrosion product contained both calcite and aragonite, and 
the thermal deposit only aragonite.—Rr. A. R. 

The Local-Cell Effect when Iron Dissolves in Hydrochloric 
Acid.—II. K. Wickert and H. Pilz. (Archiv fiir Metall- 
kunde, 1949, vol. 3, June, pp. 214-221). Continuing an 
investigation of the effect of local cells on the solution of iron 
in HCl (see Journ. I. and 8.I., 1949, vol. 161, Apr., p. 393), 
this second report covers the produetion of Fe-electrolyte—Cu 
local cells using metal powders, and the rate of solution of the 
powders in HCl. Copper (irrespective of the form in which 
it is present) never increases the rate of solution of highly 
active iron powder in N HCl; it may, in fact, slightly reduce 
the rate. If, however, a very non-reactive iron surface is 
immersed in N HCl and free metallic copper is present, the 
Fe—electrolyte—Cu local cells have a very marked effect on 
the rate of metal solution. Experiments on the effects of the 
de la Rive cells Fe-N/10 HCI-Pt and Fe—N/10—C on the 
solution of piano wire in HCl are also reported.—R. A. R. 

Polarization Method for Rapid Tests of the Corrosion 
Resistance of Metals in Sea Water. L. V. Elin and E. Sh. 


Ryt. ,(Zavodskaya Laboratoriya, 1949, vol. 15, July, pp- 
S11-813). [In Russian]. The rapid testing of metals for 


corrosion by sea water by a modification of the polarization- 
curve method proposed by G. V. Akimov is described. The 
modification entails using the discharge of a condenser through 
a ballistic galvanometer for the measurement of the potential 
difference between the plates of the specimen immersed in 
the electrolyte. Curves of current density against the 
potential difference, obtained by this method, are shown for 
four steels and for copper. From the shapes of these curves 
it is possible to grade these materials according to their 
resistance to corrosion.—s. K. 

Corrosion by Commercial Sodium Hypochlorites and Its 
Inhibition. G. H. Botham and G. A. Dummett. (Journal of 
Dairy Research, 1949, vol. 16, Jan., pp. 23-28: [Abstract] 
Bulletin of the British Non-Ferrous Metals Research Associa- 
tion, 1949, July, p. 304). Commercial sodium hypochlorites 
are shown to corrode aluminium, tinned copper, nickel silver, 
and cast stainless steel (Cr 18%, Cu 8%, Mo 3%) at 40°C. 
If potassium permanganate is present, 18/8 stainless steel 
is also attacked. The corrosion can be inhibited by addition 
of sodium silicates, with reduction of bactericidal 
efficiency. 


Methods for Prevention of Rust in Water Tanks. IF. Schu- 
mann. (Corrosion, 1949, vol. 5, June, pp. 198-200). The 
theory of the corrosion of iron and steel is considered and a 
practical method for protecting water tanks is described. It 
consists of a combination of the applications of a thick 
uniform bituminous coating and cathodic protection.—R. A. R 

Nature and Mechanism of the Passivity of 18/8 Stainless 
Steel. M. G. Fontana and F. H. Beck. (Métaux et 


some 
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Corrosion, 1949, vol. 24, Jan., pp. 15-22). See Journ. I. 
and S8.I., 1947, vol. 157, Oct., p. 316. 

Researches on the Variable Composition of Thick Layers of 
Rust. Eva Palmaer. (Métaux et Corrosion, 1949, vol. 24 
Jan., pp. 23-28). The chemical composition of different 
kinds of rust was determined by analysis. The specimens 
examined came from an economizer tube, a garden seat, a 
forged-iron strip, a bolt, a cannon, a cannon ball which had 
been in the sea for 200 years, and a 1000-year-old Viking 
sword. Results showed that, in thick layers of rust. those 
nearest the metal contained more ferrous than ferric com- 
pounds and that ferrous oxides were present in the form of 
hydrates. It also appeared that sulphur, phosphorus, and 
silicon were present in the rust in the form of sulphate, 
phosphate, and silicic acid and that the carbon, silicon, phos- 
phorus, and sulphur contents of the rust were often appre- 
ciably higher than in the metal.— J. Cc. R. 

Corrosion of Some Structural Steels Operating under Stress. 


I. Ya. Klinov and G. L. Shvarts. (Khimicheskaya Promysh- 
lennost, 1947, No. 10, pp. 13-17: Chemical Abstracts, 1949, 
vol. 43, May 25, cols. 3766-3767). Samples of steels used 


in the manufacture of chemical apparatus were tested in 
5%, 10%, and 57-5% nitric acid at 20°, in 30% ammonium 
nitrate at 20° and 80°, and in 40—2% sodium hydroxide at 
120° at atmospheric pressure and 2-5 atm. Specimens were 
fastened within a frame and the tension was applied by means 
of calibrated springs. Specimens, in which the stresses were 
equally distributed longitudinally and throughout the cross- 
section when loaded to the yield point or higher, behaved in 
nitric acid and in hot ammonium nitrate and sodium hydroxide, 
the same as specimens without any load. Specimens having 
non-uniform structure longitudinally cracked when exposed 
to these tests. Specimens in which the stress was locally 
centralized by notching, cracked in 30% ammonium nitrate 
under stresses equalling their elastic limit or somewhat lower, 
but remained unaffected by stresses equalling 50% of their 
elastic limit. In hot sodium hydroxide, low-carbon steel 
specimens cracked when the stress applied exceeded their 
elastic limit by 35-40%. 

Automatic Apparatus for the Study of Intercrystalline 
Cracks in Boiler Steel. N.G. Patsoukov and P. A. Akolzine. 
(Zavodskaya Laboratoriya, 1947, vol. 13, No. 5, pp. 577-584 
jin Russian]: [Abstract] Centre de Documentation Sidérur- 
gique, Bulletin Analytique, 1948, vol. 5, Dec., p. 61). A 
description is given of the construction and operation of an 
apparatus, based on Schréder’s method, for the determination 
of the brittleness of boilers caused by water alkalinity. 

Corrosion Damage in Benson Boilers. H. Wevyrauch. 
(Vereinigung der Grosskesselbesitzer, 1948, Report No. 4, pp. 
34-39: [Abstract] Monthly Bulletin of the British Coal 
Utilisation Research Association, 1949, vol. 13, June, p. 
211). This is a report on the internal corrosion in nine boilers 
of one power station and the steps taken to avoid further 
damage. 

Damage in Benson Boilers. M. Werner, H. Tietz, and 
H. List. ero pe der Grosskesselbesitzer, 1948, Report 
No. 4, pp. 1 : [Abstract] Monthly Bulletin of the British 
Coal Utdisetion Research Association, 1949, vol. 13, June, 
p. 210). Operating experiences of a number of installations 
are compared and the causes of internal corrosion investigated. 
The physical and chemical basis is presented. The necessity 
for forming a protective coating on the tube walls is stressed. 
Precautionary measures, especially various additions to feed- 
water, are discussed. 


Internal Corrosion of Furnace and Boiler Tubes. R. King. 
(Cheap Steam, 1949, vol. 33, Mar., p. 47: Fuel Abstracts, 
1949, vol. 6, July, p. 149). The author gives a description 
of the formation of barnacles of magnetic iron oxide 


interspersed with small amounts of boiler water constituents, 
including copper ; he suggests causes of these and proposes 
corrective steps. 

On the Corrosion Cracking of Low-Alloy Mild Steels in 
Nitrate Solutions. KE. Herzog. (Métaux et Corrosion, 1949, 
vol. 24, Feb., pp. 29-44). The author describes his investiga- 
tion of the effect of small additions of chromium, nickel, and 
aluminium on the resistance to corrosion cracking of killed 
low-carbon steel in nitrate solutions. Best results were 
obtained with a steel containing 2-3% of chromium, 0-9% of 
aluminium, and 0-08°, of carbon. Chromium—aluminium 
steels were then used to examine the effect of different methods 
of production, heat-treatment, and rolling.—vJ. c. R. 
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Surface Corrosion in the Washeries of Dutch Coal Mines. 
H. G. Zelders. (Métaux et Corrosion, 1949, vol. 24, Mar., 
pp. 65-76). A report is presented of an investigation into 
the causes of the rapid wear of mild steel in coal washeries. 
Corrosion was responsible for 95% of the wear and erosion 
for 5%. The corrosion was caused by dissolved oxygen in 
the circulating water and the following factors were responsible 
for the strong intensity of corrosion: (1) The presence of 
solid material which, due to the intense circulation of the 
water, prevents the formation of iron oxide deposits or 
damages the oxide coating ; (2) the great speed of circulation 
which results in the air being superoxygenated ; and (3) the 
high conductivity of water. Of these, only (3) can be con- 
trolled in practice.—J. C. R. 

Temperature and Humidity Factors in the Corrosion of 
Metals in Atmospheres of Sulphur Dioxide. ©. V. Zarubina 
and M. L. Turich. (Iron and Steel Institute, Translation 
Series, 1949, Nov., No. 387). This is an English translation 
of a paper which appeared in Zhurnal Prikladnoy Khimii 
(Journal of Applied Chemistry), 1948, vol. 21, pp. 362-371. 
The corrosion of steel, cast iron, tinplate, and nickel-plated 
steel at various temperatures and humidities "has been 
studied. The factor determining the corrosion in atmospheres 
containing SO, in the 15—-40° C. range at any humidity is 
the temperature. The maximum formation of corrosion films 
is at between 20° and 25° C., and a relative humidity of 80% 
and higher. At between 30° and 35° C. metallic surfaces are 
not corroded even at relative humidities as high as 80—-90°, 

R. A. R. 

Influence of Relative Humidity and Surface Condition on 
the Corrosion of Low Carbon Steel and Zinc. Ogburn, 
E. R. Weaver, and W. Blum. (Métaux et Corrosion, 1949, 
vol. 24, Mar., pp. 77-84). Low-carbon steel specimens were 
placed in receptacles in which a fixed degree of humidity was 
maintained. The nature and extent of corrosion were deter- 
mined periodically by (a) visual examination, (4) increase in 
weight, and (c) loss in weight after corrosion products have 
been removed. To simulate surface conditions during storing, 
some specimens were dipped in sea water, or sodium chloride 
or other salt solutions, before being placed in the humid 


atmosphere. Other specimens were treated with oil before| 
Results showed that surface! 


or after exposure to sea water. 
conditions had a greater influence on the rate of corrosion 
than did the degree of humidity. <A steel having a very light 
coating of sea water or other salt solution corroded more 
ré ipidly in an atmosphere with 20% humidity than an uncoated 
steel in an atmosphere with 80% humidity. The application 
of uninhibited mineral oils conferred only a slight protection 
but thin inhibited oil films effectively retarded corrosion in 
high-humidity atmospheres even when the specimens were 
exposed to sea water after the application of the oil. 
Corrosion of Telephone Outside Plant Material. a C. 
Compton and A. Mendizza. (Corrosion, 1949, vol. June, 
pp. 194-197). Data on the corrosion of satvtadend 4 iron andl 
steel fittings for telephone-wire poles from publications of the 
A.S.T.M. are presented and discussed.—R. A. R. 
Electrochemica! Studies on Insulating Couplings for Under- 
ground Pipe and Cable Lines. W. Beck. (Corrosion, 1949, 
vol. 5, June, pp. 175-181). The electrochemical factors 
which enable an insulated connection in a buried pipeline to 
protect the line against electrolytic corrosion were investigated 
by making resistance measurements on a number of insulating 
couplings immersed for about a year in tap water under a 
constant polarizing e.m.f. The couplings were of very 
different designs, some of which retained a high resistance 
over a long period, whilst with others there was a rapid fall 
in resistance. A coupling resistance of the order of 10%—]04 
ohms is high enough to reduce stray currents satisfactorily 
in most underground structures. The formation of stray 
currents on an insulating joint in soil can be reduced by 
increasing the joint length up to a certain limit after which 
further increase has little influence on stray current density. 
In practice it is advantageous to use couplings of medium 


size in conjunction with a reinforced insulating covering of 


considerable length to protect pipe sections adjacent to the 
joint.—R. A. R. 

How to Select Anode Materials for Cathodic Protection 
Against Corrosion. N. B. Bagger. (Materials and Methods, 
1949, vol. 30, July, pp. 47-49). The use of magnesium, zine, 
and aluminium for anodes in cathodic protection installations 
is discussed ; at 100%, current efficiency, aluminium is cheaper 
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than magnesium, which is again cheaper than zinc, the 
consumption of material by weight per ampere-vear being in 
the proportions |: 1-35: 3-6.—s. P. s. 

Erosion-—Corrosion of Metals and Alloys. M. G. Fontana 
and W. A. Luce. (Corrosion, 1949, vol. 5, June, pp. 189 
193). Corrosion testing equipment is described in which the 
corrosive liquid is forced at high velocity across the face of 
the metal specimen in disc form. The results, using aqueous 
solutions of different pH value on specimens of 0-2, carbon 
steel, cupro-nickel, and lead, are given. Distilled water at 
pH 6-0 produced little corrosion. Decreasing and increasing 
the pH value rapidly increased the corrosion of steel. At 
PH 3-5 an increase in aeration reduced the rate of corrosion ; 
the black ferric oxide precipitate obtained at low rates of 
aeration changed to the red, gelatinous, ferric hydroxide, 
and the amount and — of this product increased with 
greater aeration.—R. A. R. 

Corrosion Problems is a Fluid Catalytic Cracking and 
Fractionating Unit. N. Schofer. (Corrosion, 1949, vol. 5, 
June, pp. 182-188). An account is given of the corrosion 
problems at an oil refinery with three large fluid catalytic 
plants for cracking high-boiling-point gas oils into low-boiling 
point hydrocarbons in the gasoline range. The change-over 
to sour crude oils led to considerable trouble. A series of 
cracks and blisters was found in the splitter reflux drum. 
The blisters contained trapped hydrogen.—Rk. A. R. 


Biologically Produced Corrosion Accelerators: Sulphur 
Compounds. T. H. Rogers. (British Science News, 1949, 
vol. 2, No. 23, pp. 322-326). The paper summarizes the 


results of research on the prevention of the corrosion of 


condenser tubes in sea water and some tests with a derivate 
of 3: 6-diaminoacridine (a dye known as * 1.C.1. 914°) which 
is extremely efficacious for inhibiting the growth of sulphate- 
reducing bacteria.—R. A. R. 

Influence of Crystal Plane and Surrounding Atmosphere on 
Chemical Activities of Single Crystals of Metals. A. T. 
Gwathmey, H. Leidheiser, and G. P. Smith. (National 
Advisory Committee for Aeronautics, 1948, Technical Note 
No. 1460: [Ab-tract} Bulletin of the British Non-Ferrous 
Metals Research Association, 1949, July, p. 313). The influence 
of the crystal plane of single crystals of aluminium, copper, 
gold, lead, nickel, silver, chromium, iron, cadmium, zine, bis 


*muth, tin, and indium on the rates of five chemical processes 


important to the operation or manufacture of lubricated sur 


faces was determined. The processes studied were: (1) 
Oxidation in air, (2) corrosion by oils, (3) wetting by stearic 
acid (copper, nickel, and iron), (4) action of hot gases, and 


(5) electrochemical processes including deposition, etching, 
replacement, and in a few cases, galvanic action. 


ANALYSIS 


A Note on Reproducibility in Chemical Analysis. J. 0. Lay. 
(Journal of The Iron and Steel Institute, 1949, vol. 163, Nov.., 
pp. 310-312). An outline of the preparation of standard 
methods of analysis by the Methods of Analysis Committee 
of the British Lron and Steel Research Association is presented, 
showing the reproducibility of analytical results obtained and 
emphasizing the importance of good sampling technique. 

The Determination of Chromium in Ferro-Chromium. 
(Journal of The [ron and Steel Institute, 1949, vol. 163, Nov., 
pp. 307-310). The Methods of Analysis Committee of the 
British Iron and Steel Research Association has developed, 
tested, and approved for submission to the British Standards 
Institution a method of analysis for chromium in ferro- 
chromium. It is shown that ferro-chromium alloy of both 
high- and low-carbon grades €an be decomposed for analysis 
by hot digestion with sulphurie acid (1:1), followed by 
fuming with phosphoric acid. This form of wet decomposition 
has been found suitable for all normal commercial types of 
ferro-chromium, whether high or low in carbon, but in certain 
special cases where the silicon content is abnormally high 
decomposition may be protracted and uncertain. For this 
reason the procedure is not recommended for material con 
taining more than 4° of silicon. The method of determining 
the chromium percentage is based on ammonium persulphate 
oxidation with silver nitrate as catalyst, followed by titration 
with ferrous ammonium sulphate and standard potassium 
dichromate, using barium diphenylamine sulphonate as 
indicator. Various features of the method are discussed and 
typical results are given. 
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Developments in Analytical Chemistry in the U.S.8.R. during 
1948. Iu. A. Klyachko. (Zavodskaya Laboratoriya, 1949, 
vol. 15, July, pp. 759-768). [In Russian]. An outline is 
given of development, in analytical chemistry taking place 
in the U.S.S.R. during 1948, some of the 50 references being 
of interest in connection with anaiysis in ferrous metallurgy. 


S. K. 

Determination of Molybdenum in Ferromolybdenum Using 

a Cation-Absorbing Substance. Iu. I. Usatenko and O. V. 
Datsenko. (Zavodskaya Laboratoriya, 1949, vol. 15, July, 
pp. 779-781). [In Russian]. The determination of molyb- 
denum in ferromolybdenum using a cation-absorbing filter 
of sulphonated coal is described. The solution of 0-1 g. of 
the alloy in HCl is passed through the filter, which retains all 
the molybdenum and a small part of the iron. The molyb- 
denum is extracted with alkali, reduced in acid with bismuth 
amalgam, and titrated with permanganate. The method 
was developed using solutions of the pure salts and was tested 
with standard samples of ferromolybdenum, giving vaiues 
in good agreement with those obtained by the usual method. 


S. K. 

A Method of Determining the Tin Content of Tungsten 
High-Speed Tool Steel. B. Bagshawe and E. Dyke. (Anaiyst, 
1949, vol. 74, Apr., pp. 249-253). A method for the deter- 
mination of tin in high-speed steel is described, which has for 
its essential features a separation of tungsten as the carbide 
from non-oxidizing acid media, the removal of tin as the 
sulphide and its subsequent reduction to the bivalent state 
with metallic aluminium in the presence of an antimony salt, 
and titration of the reduced tin with standard iodate solution. 
Previously used procedures, in addition to being cumbersome 
and laborious, are subject to inaccuracy due to adsorptive 
losses of tin in tungstic acid and inconsistencies in the quanti- 
tative separation of small amounts of tin as the sulphide. 
It is shown that by initially removing the tungsten as un- 
attacked carbide, thus avoiding its oxidation to, and separa- 
tion as, tungstic acid, adsorption losses are prevented. The 
erratic behaviour of small amounts of tin when precipitated as 
the sulphide appears to be due to absence of sufficient precipi- 
tate-forming nuclei, and can be remedied by the simple 
expedient of adding a small concentration of molybdenum 
salt, the precipitated sulphide acting as carrier and .ensuring 
quantitative co-precipitation of tin. 

Ferrocyanide Photometric Determination of Vanadium. 
%. V. Vorontsov. (Zavodskaya Laboratoriya, 1947, vol. 13, 
pp. 1155-1157 [in Russian]: Chemical Abstracts, 1949, vol. 
43, June 10, col. 4179). A method is described for the 
determination of vanadium which gives good results when 
analysing steels containing 0-05—-2-2% of vanadium. 

Analysis of High-Speed Tool Steels by the Spekker Absorptio- 
meter. Determination of the Major Alloying Constituents : 
Tungsten, Chromium, Vanadium, Cobalt and Molybdenum. 
G. J. Lennard. (Analyst, 1949, vol. 74, Apr., pp. 253-257). 
Investigation into the current methods of steel analysis by 
means of the Spekker absorptiometer for determining chro- 
mium and vanadium in high-speed tool steels showed con- 
siderable interference due to the formation of a yellow 
phosphovanadotungstate complex. No satisfactory colori- 
metric method for the determination of tungsten could be 
found. New methods for these elements have been evolved, 
those for tungsten and vanadium being based on the phospho- 
vanadotungstate complex whilst for chromium the Vignal 
method has been adopted. In the determination of cobalt 
and molybdenum no interference from the usual quantities 
of alloying elements was found. With these methods a 
considerable saving of time and materials can be effected. 

A Rapid Method for Determining Chromium, Vanadium, 
and Manganese in Steel. M.T. Gottardi. (Annali di Chimica 
Applicata, 1948, vol. 38, pp. 364-367: Chemical Abstracts, 
1949, vol. 43, June 10, cols. 4176-4177). The metais are 
oxidized with K,S,O,, and the manganese is determined by 
titration with Na,HAsO,;. Then the combined chromium and 
vanadium are determined by reduction with FeSO,. The 
vanadium is oxidized with KMnO, and the excess titrated 
with oxalic acid. Vanadium is titrated with FeSO, while 
the chromium which is present as chromate is unaffected. 
The chromium is finally determined by difference. 

Photoelectric Estimation of Silicon in Steels. L. N. Murty 


and N. C. Sen. (Current Science (India), 1948, vol. 17, pp. 
363-364 : Chemical Abstracts, 1949, vol. 43, June 10, col. 
4180). Details are given for speeding up the determination 
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of silicon in steels by the molybdenum blue method with a 
photoelectric absorptiometer. 

Analysis of Gases in Steels. P. Coheur. (Revue Uni- 
verselle des Mines, 1949, Series 9, vol. 5, Aug., pp. 273-274). 
The author describes briefly the research on gas analysis 
carried out under the auspices of the Centre National de 
Recherches Metallurgiques and introduces the following 
papers in which the results obtained are described : 

Some Improvements Carried out on the ‘‘ Gotta ’’ Process 
in Order to Apply It to Industrial Control. M. Lacombe and 
G. Hotot. (Jbid., pp. 273-277). In this process, which is 
used for the determination of oxygen, cementation of the 
steel with aluminium powder transforms the oxides into 
alumina, which is determined by a chemical process. The 
accuracy of the process is improved if test-pieces in the 
form of strip (100 x 3 1 mm.) are used. 

Determination of Hydrogen in Steels. G. Hotot. (/bid., 
pp. 277-278). In this method, the steel specimen is 
heated at 700°C. in vacuo and the gases evolved are 
collected in a graduated test tube. These gases can be 
analysed by normal processes. 

Contribution to the Determination of Oxygen in Steels. 
L. Moreau. (/bid., pp. 279-283). The apparatus developed 
by Chaudron and Moreau for the determination of oxygen 
is described. It is based on melting steel in vacuo with a 
reducing atmosphere ; five or six spec imens can be analysed 
for oxygen, hydrogen, and nitrogen in a few hours.—R. Ff. F. 
Comparative Investigations on the Determination of Oxygen 

in Steel. P. Klinger. (Archiv fiir das Eisenhiittenwesen, 
1949, vol. 20, May-June, pp. 151-163). A critical examina- 
tion of methods of determining oxygen in steel, particularly 
the vacuum-fusion method for total oxygen, and the chlorine 
and electrolytic methods for determining the form in which 
it is present, is reported. The vacuum-fusion technique using 
either the tubular or the carbon-spiral vacuum furnace gives 
reliable and reproducible results. An experienced analyst 
taking great care can obtain fairly reliable results for silica, 
alumina, and magnesia in unalloyed steels using the chlorine 
and electrolytic processes, but ferrous oxide determinations 
by these methods are unsatisfactory.—R. A. R. 

Microchemical Determination of Carbon in Ordinary and 
Alloy Steels. A. 1. Glazovaand E. |. Nikitina. (Zavodskaya 
Laboratoriya, 1949, vol. 15, July, pp. 847-848). [In Russian]. 
A modified Wirtz apparatus with a microburette reading to 
0-01 ml. is said to have been satisfactorily used for the 
volumetric determination of carbon in steels, the accuracy 
being 0-01% and 0-005% for carbon contents of over 
0-15%, and 0-1°% or less, respectively.- S. K. 

New Semimicro Method for the Determination of Sulphur 
in PigIron. A. T. Chernyi and K. V. Podoinikova. (Zavod- 
skaya Laboratoriya, 1949, vol. 15, July, p. 849). [In Russian]. 
A new, semimicro method is proposed which enables the 
accurate determination of the sulphur in pig iron to be 
completed in 12-15 min. The method is based on the fusion 
of the sample with a mixture of oxalie acid and metallic 
calcium, the evolved hydrogen sulphide being determined. 


gas- 


6)'x. 

Planochronometric Method of Rapid Determination of 
Sulphur in Iron and Steel. A. Glazunov and R. Jirkovsky. 
(Hutnické Listy, 1948, vol. 3, Aug., pp. 229-230). [In 
Czech]. A new planochronometric method for the rapid 
determination of sulphur in iron and steel is described ; it 
is suitable for use during the production process. The 
described method is based on the reaction of hydrochloric 
acid on-a flat specimen. The hydrogen sulphide generated 
is absorbed for a definite period of time, e.g., 30 sec., by 
special reagents. These undergo a change in colour, and the 
sulphur content is determined colorimetrically by comparison 
with an empirically prepared colour scale or by microtitration. 
The analysis, including the preparation of the specimen, 


takes about 2 min., and parallel analysis of samples by 
iodometric method revealed that the accuracy of mg visual, 
planochronometric determination is 0-005%.—r. 


Apparatus for Taking Samples of Metals for icscienetees 
Analysis. E.S. Berkovich and A. D. Kuritsyna. (Zavodskaya 
Laboratoriya, 1949, vol. 15, July, pp. 868-869). [In Russian]. 
A drilling device is desc ribed, whereby a quantity of material 
sufficient for microchemical analysis can be taken from a 
selected position in a polished section.—s. K. 

The Determination of Aluminium and Titanium in Steels 
by the Spectrographic Method. J. Kuba. (Hutnik, 1949, 
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vol. 16, Mar.—Apr., pp. 121-127). {In Polish]. The author 
describes the methods of spectrographic quantitative deter- 
mination of aluminium and titanium in steels which have 
been worked out at the Poldi steelworks at Kladno. 
Some photographs are shown which, together with diagrams 
presenting the measurements, have a real practical value. 
W. J. W. 

Determination of Titanium and Iron. B. A. Shippey. 
(Analytical Chemistry, 1949, vol. 21, June, pp. 698-699). 
Iron and titanium in a titanium ore may be determined in 
one single sample by titration with 0-1 N potassium per- 
manganate. After fusion decomposition of the ore, the 
sulphuric acid solution is passed through a Jones reductor 
into a flask, and carbon dioxide is passed through it during 
titration. The burette is fixed to the same flask. For the 
titanium determination, the solution is kept at 60° C., the 
end point being represented by the appearance of a light blue 
colour. The solution is now cooled to 25° C., and 0- phe- 
nanthroline ferrous complex added as an indicator ; a bluish- 
grey colour appears at the end point. Corrections are required 
if vanadium, chromium, or molybdenum are present in the 
ore.— J. P. S. 

Polarographic Determination of Tin in Steel. W. E. Allsop 
and V. R. Damerell. (Analytical Chemistry, 1949, vol. 21, 
June, pp. 677-679). A polarographic method for the deter- 
mination of tin on steel is given, dependent on the reduction 
of stannic chloride at the dropping mercury electrode in an 
electrolyte of N hydrochloric acid. Methods for removing 
iron and interfering elements such as are found in too! and 
other alloy steels are described.—.. P. s. 

Determination of Alumina in Steel. R.H. Colin and D. A 
Gardner. (Analytical Chemistry, 1949, vol. 21, June, pp. 
701-707). To determine the alumina present in a steel, 
apart from the total aluminium which may be accurately 
determined spectrographically, a combined chemical and 
spectrographic method is used; the residue insoluble in 
dilute hydrochloric acid is fused with potassium pyrosulphate 
and taken up in hydrochloric acid. This solution is spectro- 
graphically analysed by running it down a hollow carbon 
electrode during sparking; iron is added to the solution to 
give an internal standard.—.. P. s. 

The Quantitative Determination of Copper in Steels, Using 
Dithizone, by the Method of Colorimetric Titration. 1. B. 
Suprunovich and A. B. Konovalova. (Zavodskaya Labora- 
toriya, 1948, vol. 14, Sept., pp. 1061-1063). [In Russian]. 
The use of dithizone for the formation of a coloured complex 
with copper as the basis for the colorimetric determination 
of this element in steel is discussed, and some results arrived 
at by the use of this reagent in the analyses of cobalt steel 
and other alloy steels are quoted.—s. k. 

Determination of the Manganese Content of Steel. [Enga- 
lichev and Ositkovskaya. (Zavodskaya Laboratoriya, 1946, 
No. 12, p. 980: [ Abstract ] Magyar Kémikusok Lapja, 1949, 
vol, 4, Feb., p. 111). [In Hungarian]. Manganese can be 
oxidized completely into permanganic acid in a_ solution 
containing phosphoric acid by means of ammonium per- 
sulphate, and the use of silver nitrate can thus be eliminated. 
The manganese in steel is determined as follows: 0-2 ¢&. of 
the specimen is dissolved in 50 ¢.c. of a solution of 420 ¢.c. of 
concentrated H.SO,, 160 g. of sodium phosphate, and 420 ¢.c., 
of water. As much concentrated HNO, is added to the solution 
as is required to complete the oxidation, and the solution is 
evaporated to fumes. The residue is cooled and dissolved 
in 200 c.c. of water and 50 ¢.c. of 25% ammonium persulphate 
is added. This solution is boiled for 15 min. to complete the 
transformation of the manganese into permanganate and to 
remove the excess persulphate. After cooling down, the 
solution is titrated with a sodium arsenite solution. —¥. G. 

Progress in Spectrochemical Spot Analyses. P. Klinger and 
O. Schliessmann. (Archiv fiir das Eisenhiittenwesen, 1949, 
vol. 20, July-Aug., pp. 219-228). The possibilities of deter- 
mining heterogeneity in a metal matrix by spectrochemical 
analysis are examined. Recently developed apertures of 
quartz and ruby with holes down to 10 » are compared with 
the previously suggested gypsum and mica orifices, and the 
superiority of the former is shown with examples of their use 
in de oy oxide and slag inclusions embedded in sintered 
iron. R. 

Tests of the New ARL Direct Reading System—Low Alloy 
Steel — (Spectrographer’s News Letter, 1949, vol. 11, 
Apr., pp. 1-5). Tests with the new spectrograph-quantometer 
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adapter used with the mass spectrograph are described. The 
recording system is based upon replication in a simple channel 
system, each channel consisting of a multiplier phototube, 
an integrating condenser, and zero and sensi- 
Each channel may in turn be switched into 
a single ultra-high-impedance amplifier and _ strip-chart 
recorder to provide an inked record of the analysis supplied 
by that particular phototube. Automatic high-speed switch- 
ing permits recording at the rate of one element analysis every 
2-4 sec. after completion of the usual discharge period. 
ay = * 
Spectrum Analysis of Metallic Coatings. IK. I. Taganoy. 
(Zavodskaya Laboratoriya, 1949, vol. 15, June, pp. 695-700). 
[In Russian]. An account is given of laboratory experiments 
with some simple spectral methods for the analysis of metallic 
coatings, the determination of their thickness and the estima- 
tion of the uniformity with which they cover the underlying 
It is claimed that, combined with rapid spectro 
graphic technique, the proposed method of estimating unt- 
formity is suitable for use in the control of industrial coating 
The results obtained in the laboratory with the 
sufficiently satisfactory to 


an attenuator, 
tivity controls. 


surface. 


processes 
methods 
warrant their adoption by industry.—s. k. 

The Spectrographic Examination of Localized Heterogeneity 
in Metals. J. H. ldfield. (Internationa! Congress on 
Analytical plenty Utrecht, June, 1948: Spectrochimica 
Acta, 1948, vol. 8, No. 3-4, pp. 354-366). Examples are 
described of methods adopted in spectrographic analysis to 
affected by the spark discharge 


described are said to be 


increase the amount of sample 
in order to reduce variations in sample 
developed by the author and his 


is of steel segregates : 


composition. A 


microspark technique 
colleagues gave a quantitative analys 
its application to a much wider variety of problems is dis- 
identification of inclusions and the 


cussed which included the 
\ simple electrode 


study of the degree of diffusion of metals. 
holder which increased the accuracy of the setting of the 
microspark gap is also described.—R. A. R. 

Advances in Emission Spectrochemical Analysis in the 
U.S.S.R. during 1948. V. G. Koritskii. (Zavodskaya Labora- 
toriva, 1949, vol. 15, Jens, pp. 681-688). In Russian }. 
A review is given of the work of Russian scientists during 
1948 in the field of analysis based on the examination of 
work covers theoretical aspe 


appli a- 


emission spectra. The ‘ts, 
nd practical applications. 


tlloving elements in steel 


methods, a The practical 
tions include the determination of 
etermination 





and cast iron, the analysis of ferro-alloys, the d 

of gases in steel, and slag analysis. The desirable extensions 
of research on spectral analysis and of its apy lications are 
considered and shortages of equi] inent are discussed. There 


are 36 reterences.—sS. Kk. 

On the Nature of the * Flashes ° of the Lines of the Additional 
Elements in the Electric Arc Spectrum. L. N. Filimonov. 
Zavodskaya Laboratoriya, 1949, vol. 15, June, pp. 6385 691). 
An investigation ts leacribed which was unde 
nature and causes of the sudden 
: spectrum 


{In Russian}. 
taken to elucidate the 
changes In the relative 
lines. This phenomenon 


intersities (* flashes’) of 
greatly decreases the accuracy of 


Examination of electrodes pre- 


steelos opie determinations 
pared from various steels showed that melting and oxidation 
occurred during the arcing, and * flashing’ is attributed to 


the consequent variation in the contents of alloying elements 
in the portion of the electrode exposed to the discharge. 


The following elements were present in the steels investigated : 


nickel, carbon, manganese, silicon, chromium, molybdenum, 

and tungsten.— Ss. K 
Synthetic Standard Samples for Spectrum Analysis. E. ¥. 
(Zavods skaya Labor: vtoriya, 1949, vol. 15, June, 


Kudelya 
pp. 691-695). 
standard 


[In Russian}. The preparation for spectrum 


by the methods of powder 
metaliurgy is described. For the analysis of steel, pure iron 
powder is thoroughly mixed with the powder of the element 
nixture then being baked in two stages 
here at 1000° C. The 


analvsis of specimens 


to be determined, the 1 
under pressure and in an inert atmosp 
baking is said to make the specimen completely homogeneous. 
Details are given of the preparation by the above method 
for the determination of manganesé 
results are shown. 

Ss. K. 


Vacuum Ball-Mill for the Extraction of Gases from Minerals 


and Other Porous Bodies. M. M. Elinson and F. M. Chistya- 
kov. (Zavodskaya Laboratoriva, 1949, vol. 15, June, pp. 


of standard 


specimens 
and aluminium in steel, and satisfactory 
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749-751). [In Russian]. A mechanically operated ball mill 
is described in which crushing can be carried out in vacuo, 
the gases evolved being pumped off for measurement and 
analysis with a Toepler pump.—s. kK. 

Vessel for Polarography. V. I. Titov. (Zavodskaya 
Laboratoriya, 1949, vol. 15, June, p. 747). {In Russian’. 
A design of container is proposed which is said to be equally 
suitable for polarography and for amperometric titration. 

8... 

Determination of Molybdenum in Steels. F. Gomez Rui- 
monte. (Anales de la Real Sociedad Espanola de Fisica y 
Quimica, 1949, vol. 45, pp. 65-72). [InSpanish]. The author 
suggests an accurate and simple method for the determination 
of molybdenum in steels.—nr. F. F. 

Rapid Tests for Identifying Alloy Steels. &. C. 
(Machinist, 1949, vol. 93, June 11, pp. 239-250). Spot tests 
can be used for the rapid identification of steels. Equipment 
required and the procedure for detecting nickel, manganese, 
chromium, molybdenum, and cobalt are described. The spark 
test for tungsten is also discussed. A classification chart of 
American steels is included and some practical applications 
of spot testing are given as examples. <A bibliography of 
32 references is appended.—k. F. F. 

Determination of Total Carbon in Pig Iron, High Carbon 
Iron, and Nodular Cast Iron. R. E. Deas and Lillian T. 
Conradi. (Foundry, 1949, vol. 77, July, pp. 68-69). The 
authors recommend the use of sieve analysis to determine 
the total carbon content of pig irons. The carbon on indi- 
vidual screens should be determined and the average per- 
centage of carbon can then be calculated. Sieve analysis 
can also be used for high-carbon irons and nodular irons. 
Alternatively a ;-in. drill can be used to obtain between 
2 and 3 g. by drilling half way through a test-piece. Deter- 
minations of carbon content are then made on 1-g. portions 
until the sample is used up, the last determination usually 
being made on a fraction of a gramme. From these results 
the average carbon is calculated. Data obtained during 
tests are given.—J. C. R. 

Dangers Involved in the Use of Perchloric Acid in the 
Laboratory. R. Villi¢re. (Fonderie, 1949, Mar., pp. 1525- 
1526). 

Determination oi Metallic Iron Contained in Bloom and 
Sponge Iron by Means of a Ferric Chloride Solution. S. 


Kirkham. 


Kitahara. (Journal of the Scientific Research Institute, 
Tokyo, 1949, vol. 43, Apr., pp. 133-159). The author investi- 
gated the possibilities of using ferric chloride instead of 


mercuric chloride to determine the iron in sponge iron. The 
sample is reduced to a fine powder and dissolved in ferric 
chloride solution in a flask heated by a water bath, while CO, 
is passed into the reaction flask. The solution, after cooling, 
is filtered, and 10 ec.c. of the filtrate is titrated against a 
standard solution of potassium bichromate, ! ¢.c. of which 
is equivalent to 0-0056 g. of metallic iron.—R. A. 

The Method Used in the Murex Laboratories hae: the Deter- 
mination of Molybdenum in Ferromolybdenum. FE. A. 
Chidley. (Murex Review, 1949, vol. 1, No. 4, p. 74). 

The Semimicrochemical Method as Applied to the Analysis 
of Blast Furnace Slag. . Ya. Shmulevich. (Zavodskaya 
Laboratoriya, 1949, vol. 15, June, pp. 742-743). [In Russian]. 
Details are given of a method for the quantitative analysis 
of blast-furnace slag using a 0-2-g. sample. The time for 
a complete analysis is said to be less than 23 hr., and 1-14 hr. 
if the determination of magnesium is omitted.—s. K. 

, ion of Free Quartz in the Tron Ores of Lorraine. 

Aubry and G. Turpin. (Comptes Rendus, 1949, vol. 228, 
dine 27, pp. 2030-2031). The authors heve studied the 
effect on Lorraine iron ores of a boiling 20°,, solution of sodium 
sulphide (pH 11-95), of which the alkalinity was sufficient 
to peptize the colloidal siliea and the combined silica in the 
clays and chlorites, but was too weak to dissolve any of the 
quartz. Under these conditions almost the whole of the iron 
is attacked and eliminated as colloidal iron sulphide. The 
method of analysis to determine the quartz is outlined and 
some test results are recorded.—a. F. ©. 

Ammonia, Hydrogen Cyanide, and Cyanogen in Producer 
Gas. B. Lees. (Fuel, 1949, vol. 28, May, pp. 103-108). 
Methods of determining ammonia, hydrogen cyanide, and 
cyanogen in the gas and dust from gas producers are described. 
Cyanogen is not present in analytical quantities. The yields 
of ammonia and hydrogen cyanide are affected by the degree 
of carbonization of the fuel. It is suggested that hydrogen 
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cyanide is formed by the decomposition of ammonia if the 
ammonia is formed in a hot section of the fuel bed. 

Modern Methods for the Automatic Analysis of Gases in 
Industry. M. M. Fainberg. (Zavodskaya Labhoratoriya, 
1949, vol. 15, June, pp. 631-646). [In Russian]. A review 
is given of methods of gas analysis applicable to gas mixtures 
under industrial conditions, some factors influencing their 
development being discussed. The general conclusion is that 
manometric and volumetric methods combined with chemical 
absorbents are unsatisfactory. Most attention is devoted to 
the problems of the automatic determination of oxygen, and 
the automatic analysis of mixtures of organic gases and 
vapours, the automatic determination of the content of 
combustible gases in air mixtures also being dealt with. The 
advisability of extensive standardization of automatic gas- 
analysis apparatus is indicated.—s. K. 

Measurement of the Moisture in a Gas. N. V. Zhdanova, 
R. L. Sliusareva and P. A. Tesner. (Zavodskaya Labora- 
toriva, 1949, vol. 15, June, pp. 647-649). [In Russian]. 
Two rapid methods are described for the measurement of the 
moisture content of a gas. The first method depends on the 
use of an indicator made by drying at 180-200° C. silica gel or 
alumina which has been soaked in an aqueous solution of 
cobaltous chloride. The range can be increased because the 
moisture contents at which the colour changes of this indicator 
take place are influenced by the conditions of its preparation. 
In the second method, the temperature of a metallic mirror, 
held in the is lowered by conduction through the 
copper rod to which it is soldered until the mirror becomes 
The temperature at which fogging occurs is measured 
this 


gas stream, 


fogged. 
with the aid of a thermocouple attached to the mirror, 
temperature being the dew-point.—s. K. 

Chromatographic Titrimetric Gas-Analysis Apparatus. N. M. 
Turkeltaub. (Zavodskaya Lahoratoriya, 1949, vol. 15. June, 
pp. 653-660). [In Russian]. A method is described for the 
determination of small quantities of hydrocarbons in air: 
the limiting sensitivity and greatest relative error are 
0-00006°,, by volume and 5°,, respectively, for a sample 
volume of 500 ml.—s. k. 

Gas-Analysis Apparatus with Colorimeter of the Visual 
Type. bk. A. Peregud. (Zavodskaya Laboratoriva, 1949, 
vol. 15, June, pp. 665-669). [In Russian]. An apparatus 
for the rapid determination of hermful gases in the atmosphere 
is described. The method is based on the colorimetric 
examination of organic dyes after treatment with the sample. 

Sk. 

Apparatus fer the Rapid Determination of Carbon Dioxide 
in Air. M. G. Gurevich and Ya. M. Kots. (Zavodskaya 
Laboratoriva, 1949, vol. 15, June, pp. 670-671). [In Russian]. 
An account is given of a simple apparatus for the determina- 
tion of carbon dioxide in air or in any gas not absorbed by 
The method depends on measuring the change 
in pressure which occurs as a result of the absorption of the 
carbon dioxide by soda asbestos from a fixed volume of the 
gas mixture, the pressure change being measured by means 
of a sloping, paraffin-filled manometer. The apparatus is 
suitable for either field or laboratory work and 
to 2-10°3°) of carbon dioxide.—s. K. 

Silica Refractories. A. J. Herdle and H. J. Wolthorn. 
(Analytical Chemistry, 1949, vol. 21, June, pp. 705-707). A 
spectrographic method is described by which calcium, mag- 
nesium, titanium, aluminium, iron, sodium, and potassium 
are determined directly, and silica by difference. The ground 
refractory is placed in an annular hole in the end of one 
electrode ; the other has a hemispherical tip.—y. P. s. 


soda asbestos. 


is sensitive 


Silica Refractories. R. H. Steinberg and H. J. Belic. 
(Analytical Chemistry, 1949, vol. 21, June, pp. 730-731). 


For the determination of sodium and potassium oxides in 
silica brick, the ground material is pressed into a small 
(0-25 in. dia.) briquette with domed top and tapering sides, 
which, in a spring holder, acts as the positive electrode in a 
direct-current arc ; a conical tipped graphite rod acts as the 
negative electrode. For the determination of alumina and 
titania, a high-voltage condensed spark is used, the material 
being packed in a hollow in the tip of a graphite rod ; a conical 
tipped graphite rod acts as the other electrode.— J. P. s. 


HISTORICAL 
Old Cast-Iron Structures. S. B. Hamilton. (Structural 
Mngineer, 1949. vol. 27, Apr., pp. 173-191). After a brief 
review of the history of ironmaking in Britain up to about 
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1700, the author deals at greater length with the manufacture 
of\cast iron in the eighteenth century, the design of cast iron 
beams and arches for bridges, and the use of cast iron in 
buildings until rolled steel joists were first made in 1885. 
R. A. BR. 

Some Developments in Fuel Technology during the Period 
1750 to 1850. A. D. Cummings. (Journal of the Institute 
of Fuel, 1949, vol. 22, Apr., pp. 186-191). 

The Anglo-Saxon Smith in about A.D. 1000. H. R. Schubert. 
(Journal of The Iron and Steel Institute, 1949, vol. 163, Sept., 
p. 8). Inthe writings of A#lfric of Eynsham, about a.p. 1000, 
there is a passage in which various craftsmen extol their 
craft. One of these is a smith who says, ** How does the 
ploughman get his plough or his ploughshare, or his goad, 
but by my craft ? How does the fisherman obtain his hook, 
or the shoemaker his awl, or the tailor his needle, but by 
my work?” This indicates the variety of work done by 
smiths at that time.—nr. A. R. 

The Part Played hy the Region of Guipuzcoa in the History 
of the Spanish Iron and Steel Industry. M. Laborde. (Dyna, 
1949, vol. 24, July, pp. 257-264). [In Spanish]. The author 
briefly traces the various civilizations in Spain and _ their 
effects, leading up to the introduction of mining and metal 
working from the east, and outlines events in Guipuzcoa 
from the XTVth century. Slags from the ancient ironworks, 
found by the author in the mountainous regions, confirm the 
existence of these works mentioned in old Basque documents. 
The slags are not spongy, but vitreous, and appear to have 
been exceptionally fluid. The Guipuzcoans probably used 
charcoal for smelting and added a flux. The development 
of the organization of metallurgy in Guipuzcoa is subsequently 
described up to the beginning of the XNIXth century.—Rr. s. 


ECONOMICS AND STATISTICS 

The Norwegian Iron and Steel Industry. (British Iron and 
Steel Federation, 1949, vol. 24, Sept., pp. 7-15). An outline 
is presented of the iron and steel industry of Norway with 
statistics of ore, iron, steel, and ferro-alloy production. The 
State project for a steelworks to be built at Mo-i-Rana is 
discussed. R. A. B. 

Reconstructing the Steel Industry. Kk. Barich. (Stahl und 
Hisen, 1949, vol. 69, July 7, pp. 463-468). The present eco- 
nomic position of the German iron and stecl industry is 
reviewed and its future prospects are examined.——Rk. A. R. 

Experiences of the Steel Industry in the U.S.S.R. and the 
Problems of Polish Metallurgy. J. P. Bardin. (Hutnik, 
1949, vol. 16, Jan.—Feb., pp. 1-3). [In Polish]. This is a 
paper read by the author at the Meeting of the Association 
of Polish Engineers and Technicians from the Metallurgical 
Industry, in Katowice in August, 1948. In a review of the 
metallurgical advances in the U.S.S.R. the author refers to 
M. Stalin’s statement that in the next 15 years Soviet pro- 
duction will reach 15 million tons of pig iron annually, 60 
million tons of steel, and about 45 million tons of rolled 
products. He also stresses the importance of the Soviet 
research institutes and the country’s mineral resources. 


Wi. 35 
World Steel Marketed in 1948. |. Kaluzny. (Hutnik, 
1949, vol. 16, May-June, pp. 213-226). [In Polish]. The 


author discusses (a) the aspiration of different countries to 
develop their steel industry, (b) the decrease in the inter- 
national exchange of steel goods, and (c) the changes in the 
distribution of steel products. Details are given of ore and 
steel outputs in most of the industrial countries, including 
Russia and Japan.-—w. J. w. 


MISCELLANEOUS 


What is Metallurgy? J. Chipman. (American Institute 
of Mining and Metallurgical Engineers. Howe Memorial 


BOOK 


Arrcutson, L. * /ntroduction to industrial Metallurgy.” 
8vo, pp. xili + 456. London, 1949 ; Macdonald and Evans. 
(Price 30s.) 

The increasing complexity of business life makes greatly 
increased demands on the management, and it is now 
recognized that the higher positions in industry necessitate 
the qualities developed in men trained in the scientific out- 
look and in the art of administration and management. 
It is claimed that the book is written for those already 
engaged in industry as well as for those students who wish 
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Lecture, Technical Publication No. 2614: Transactions of 
the American Institute of Mining and Metallurgical Engineers, 
1949, vol. 185, pp. 349-354 : Journal of Metals, 1949, vol. 1, 
June, Section 3, pp. 349-354). The author discusses the 
meaning of the word ‘metallurgy ’ in its broadest sense, and 
proceeds to examine the fields covered by mineral dressing, 
process metallurgy, metal processing. application metallurgy, 
chemical metallurgy, physical metallurgy, and metallurgical 
education.—J. C. R. 

Metallurgical Education in Great Britain. H. O'Neill. 
(Bulletin of the Institution of Metallurgists, 1949, vol. 2, 
No. 2, pp. 15-26). The avenues of metallurgical education 
in Great Britain are outlined and the functions of universities 
and technical colleges are explained.—Rr. A. R. 

Metallurgical Education in Australia. R. K. Murphy. 
(Australian Institute of Metals : Australasian Engineer, 1949, 
Apr. 7, pp. 49-56). 

Industrial Metallurgical Research in the United Kingdom 
and North America. G. L. Bailey. (Institution of Metal- 
lurgists, 1948, Dec., Bulletin No. 7, pp. 5-9). A comparison 
is made of the organizations of industrial research in the 
United Kingdom and the United States.—Rr. a. R. 

Organisation of Iron and Steel Research Abroad. G. De! 
bart. (Iron and Coal Trades Review, 1949, vol. 159, Aug. 5, 
pp. 367-372). See Journ. I. and S.I1., 1949, vol. 163, Nov 
p. 366. 

Steelworks and Other Industria! Buildings (Structural!) in 
Germany. (British Intelligence Objectives Sub-Committi 
1949, Final Report No. 1822: H.M. Stationery Office). 


The Production of Oxygen. DD. M. Newitt and G. G 


Haselden. (Journal of the Society of Glass Technology, 1949, 
vol. 33, Apr.. pp. 95-102). The Linde-Frankl and th 
Kellog processes for producing oxygen on a large scale 
deseribed. R. A. R. 


About a Meteorite that Fell on 26th February, 1947, at 
Seldebourak in the Ahaggar (Central Sahara). Elisabeth 
Jérémine and M. Lelubre. (Compte Rendus, 1949, vol. 229, 
Aug. Ss, pp- 425 27). The fall of the meteorite and its 
characteristics are described, and its analysis (chemical and 
mineralogical) and that of another meteorite which 
embled closely, are given.—-A. E. €. 

Some Considerations Dealing with the Formation of Deposits 
in Gas-Turbine Plant. D. F. Hughes and R. G. Voysey. 
(Journal of the Institute of Fuel, 1949, vol. 22, Apr., pp. 
197-203). An investigation is in progress on the nature and 


it 


causes of the deposits found on the blades of open-cy¢ le gas 
turbines operating on the cheaper residual petroleum oils, 


and some of the first results are reported.— Rk. A. R. 
Peculiar Wart and Scar Formations and Carburization 
Phenomena in a Burnt-Out Steel Petrol Container. . Uhlir. 
(Berg- tind Hiittenmannische Monatshefte der Montanisti- 
schen Hochschule in Leoben, 1949, vol. 94, May, pp. 112-115). 
The steel plate of a burnt-out petrol tank was examined to 
see if the material could be used again. The heat had been 
suflicient to reach the melting point of the steel and drops 
of molten metal had fallen on the bottom plates where they 
formed sears and warts which were found to contam 
much as 4-169 of carbon. The tank had to be scrapped. 
R. A. R. 
Metallurgical Plant Wastes and Their Treatment. H. D. 
Unwin. (Chemical Engineering Progress, 1949, vol. 45, June, 
pp. 351-358). The problems relating to the disposal of 
industrial waste liquors and oils which arose when planning 
the new ball-bearing plant of the General Motors Corp., 
Sandusky, Ohio, are considered, and the collecting, treatment, 
and disposal systems decided upon are described.—R. A. R. 


NOTICES 


to enter the branches of industrial organization directly 
concerned with production. It covers one of the courses 
in the recently inaugurated School of Industrial Metallurgy 
at Birmingham. 

The title of this work is somewhat misleading, since the 
word * Metallurgy’ in it is not suiticiently subsidiary. 
Most of the text dealing with labour and management could 
be applied to any industry. The theory and practice of 
metallurgical techniques are to be dealt with in future 
volumes. 
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The author has made a daring attempt to cover many 
unusual subjects in one volume of 456 pages and he says 
in his preface that he is “ entirely unwilling to apologise 
for the apparently elementary treatment of many topics.” 
Nevertheless, it may have been desirable to abbreviate the 
historical account of the ancestry of industry from the 
time of the manorial holding to the industrial revolution, 
occupying 9% of the text. It should not be unreasonable 
to expect most students to have already studied this history 
at school. Chapter III depicts the development of a fully 
integrated structure of a manufacturing concern from a 
primitive structure. 

Total cost and production costs as a reflection of efficiency 
are dealt with in the next two chapters. These contain a 
number of debatable statements which may mislead an 
innocent student. For example, on page 72 it is stated 
that ‘‘ Capital money has been expended on its (plant) 
purchase and must, therefore, earn its proper interest. 
Additionally, to maintain the plant . . . involves both 
labour and material.” It is then stated that ‘ All these 
requirements are proper items in a total cost.” It is 
rather dangerous to talk about capital money being part 
of the cost. The inclusion of interest on capital and on 
purchase money for prime material (page 75) as a part 
of cost, have often been debated at length and are perhaps 
better omitted from an elementary book. 

Chapters VI to XI, covering 134 pages, deal with person- 
nel, some duplication occurring in the description of the 
functions of executive officers and foremen with the brief 
accounts given in Chapter III. Anyone encountering 
problems connected with industrial labour will be interested 
in the history of labour relations from the time of the 
feudal manor to the present day, and if assimulated by 
raw graduates, the account should go a long way to prevent 
some of the difficulties met when they first enter a works. 

The general principles governing the layout of a metal- 
lurgical factory are discussed in three chapters covering 
71 pages and these are followed by chapters on: The 
Government of a Concern; The Task of the Manager ; 
Authority and Command ; The Task and the Reward ; and 
Management. 

The last four chapters deal with the control of standards, 
of processes, of efficiency, and finally productivity ; these 
are most interesting and should stimulate the reader to 
strive for the efficiency which is so essential if we are to 
survive as an industrial nation. 

The language and mode of expression throughout the 
book is admirable, and the printing of certain key phrases 
in block letters should prove helpful to students. The 
book should fill a need for an introduction to labour, 
management, and factory organization, and should be 
useful for all graduates entering industry.—E. C. Rotiason. 


Henry, O. H., and G. E. Cuaussen. “ Welding Metallurgy. 
Iron and Steel.” Revised by G. E. Linnert. Second 
Edition. 8vo, pp. ix + 505. Illustrated. New York, 
1949: American Welding Society. (Price $2.50) 

The present revision of the original book by Henry and 
Claussen could reasonably claim to have no serious rival 
in the field of welding metallurgy. In view of the interest 
in welding over the past decade it is surprising that more 
books on the metallurgy of welding have not been written 
and the reviewer feels that some competition would have 
improved the present edition. 

Originating in a series of lectures, the signs of the lecture 
grouping are still evident, but with a few exceptions the 
arrangement is logical. The reader is given an account of 
the manufacture of iron and steel which will enable him 
to understand the properties of the various types of material 
to be encountered. A description of welding methods is 
followed by a chapter on the effects of welding heat on 
temperature changes and cooling rates in a welded joint. 
There is a tendency to diffuse writing and the introduction 
of irrelevant and confusing details of which this chapter 
provides the following example (p. 70). 

‘“The speed of motion of the individual particles 
(molecules) of a gas increases with rise in temperature. 
It happens that the energy is the product of mass times 
square of speed, and furthermore, that the kinetic energy 
of each molecule is directly proportional to the tempera- 
ture. The energy of the gas, that is, of the molecules, 
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in a high-temperature welding flame consequently is very 

high, and is increased by the rotation of the molecules 

themselves, which adds to the energy of: translational 
motion.” 

The next chapter deals with metallic structure and two 
chapters later the theme is developed to cover the influence 
of alloying elements on metals. This part of the book is 
along the now familiar lines of a brief introduction to 
classical physical metallurgy and, with a chapter on the 
mechanical properties of metals, does not appear to intro- 
duce any unusual features in this type of treatment. 
Although the book is intended to deal with ferrous materials 
it is curious to find two sections on the effect of alloying 
elements in aluminium and copper. These are clearly 
vestigial and their presence is presumably due to careless 
editing. The slipshod assembly of the book is also evident 
in the choice of three different styles on pages 89, 198, and 
228 for illustrations of cubic structures. 

Fluxes and slags have a chapter to themselves and their 
function in the various welding processes is explained. 

The application of the general physical metallurgy of 
earlier chapters to the specific problems of welding is 
described at some length and after the following chapters 
on Shrinkage, Preheating and Postheating, and Difficulties 
and Defects, the reader is considered to be prepared for an 
account of the welding of carbon and low-alloy steels. 

The problems introduced by the martensitic transforma- 
tion in low-alloy steels are covered and developed to include 
an account of hardenability and the use of S-curves. There 
is a good section on the influence of hydrogen and its 
control. A remarkable omission from this chapter is any 
reference to the work of Dearden and O'Neill on carbon 
equivalence and its use in predicting welding from a 
knowledge of chemical composition. This and allied work 
in this country have been used extensively and have 
formed the basis for specifications, but it seems to have 
been curiously neglected in America. As a simple rational- 
ization of complex phenomena it would have formed a very 
appropriate section in the present volume. 

A further surprising omission is an account of recent 
researches on the constitution of weld metal, to which some 
of the most significant contributions have been made by 
Sloman, Rooney and Schofield, and by Reeve in this 
country. 

This part of the book cannot be passed over without 
reproducing the following gem (p. 358) : 

“There are two stages in the transformation : nuclea- 
tion and growth. During the first stage no austenite 
transforms, but it is becoming ripe for buds; .. .” 

The wide field of stainless and heat-resisting steels is 
dealt with at considerable length and there is a final brief 
chapter on welding and weldability tests. 

An appendix contains some data.on the physical proper- 
ties of metals and a list of definitions, some of which are 
unlikely to be very helpful to the uninitiated, e.g. : 

“* Lattice (space lattice)—lattice lines and lattice planes 
are lines and planes so chosen as to pass through more 
than one lattice point, and non-collinear lattice points, 
respectively.” 

A second appendix consists of a set of questions for each 
chapter, which should be extremely useful both to the 
teacher and student. 

This is a book primarily for the student and it will be 
most useful to those studying engineering metallurgy who 
are trained in basic physical metallurgy as part of their 
course. It seems doubtful whether the earlier chapters 
would give those students without metallurgical knowledge 
a sufficient understanding of the principles involved to 
appreciate fully the later chapters. 

There is material here for a very good book and while the 
present volume is neither very good nor very bad it could 
have been improved considerably by a small amount of 
additional intelligent editing and minor revision.—J. G. 
BALL. 

‘“* Welding Technology.” 8vo, pp. viii 
280. Illustrated. London, 1949 : Cleaver-Hulme Press, 
Ltd. (Price 21s.) 

Last year a book by Mr. Koenigsberger was published 
dealing with design for welding in mechanical engineering. 
To this he now adds a new volume of more general sub- 
stance, devoted mainly to a survey of welding and allied 
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processes. This is presented in the author’s characteristic- 
ally detailed style and is well illustrated. Apart from the 
quite complete range of processes covered, other practical 
features are considered including plant maintenance, 
welding manipulators and fixtures, safety precautions, and 
protective equipment. Chapters on the welding of ferrous 
and non-ferrous materials are also given which, although 
precursive, introduce a number of interesting aspects of the 
subject. In the latter sections of the book the author deals 
with constituent matters such as distortion and residual 
stresses, weld strength and weld faults, design principles 
and, finally, estimating for manufacture by welding. 

Within this broad scope, emphasis is given mainly to the 
principles of operation and application of the various 
welding and cutting methods. It is understandable there- 
fore that the author has not attempted to encompass many 
fundamental aspects. In his preface he states that such 
matters can be studied from specialized textbooks. As an 
introduction to the technique, however, the student may 
nevertheless regard the author’s review as liberal enough. 
The welding engineer will also find much of interest and 
value. 

The usefulness of the general survey of processes given 
in the first chapter is not obvious, since much of the 
information is repeated and amplified elsewhere. In 
Chapter XIV a reference to * permissible values ’ of residual 
stresses (which will not be detrimental to the functioning 
of a structure) may lead to some unfruitful searching for 
regulations on this point. What the author apparently 
means to imply and does in fact indicate later is that, where 
residual stresses are considered harmful, the component or 
structure in question should be subjected to a full stress- 
relief treatment. It is also a little surprising that in the 
following chapter on weld strength, the author quotes 
permissible working stresses for fusion welds in 28—32 tons 
tensile mild steel, from B.S. 538. This standard—last 
issued in revised form in 1940—applies to the metallic-are 
welding of mild steel as applied to general building con- 
struction, and in the matter of working stresses its require- 
ments have now been superseded by B.S. 449 : 1948—-The 
Use of Structural Steel in Building. The difference here 
is important. For example, B.S. 538 states that tensile 
and compressive stresses in butt welds shall not exceed 
8 tons/sq. in., whereas B.S. 449 allows 10 tons/sq. in. 
(tensiie and compressive bending stresses) for normal 
structural quality mild steel. In addition, the author 
includes a clause from B.S. 538 restricting tensile and 
compressive stresses to 6 tons/sq. in. for single or double. 
J or bevel butt welds. Such details would generally be 
used for the butt-welding of parts of unequal thickness, 
but for static loading conditions it is doubtful if this clause 
would be considered valid at the present time. 

Finally, in dealing with design principles (Chapter XVI), 
the author expresses the hope that a standardized system 
of specifying welds on drawings will be accepted and 
adopted by industry. This is no doubt a reasonable plea. 
However, the author may feel that the recent inversion of 
the scheme he illustrates will require a little more annotation 
than his own concise method.—R. P. Newman. 





Mraty, S., and Mratz, L. M. “A New Dictionary of 
Chemistry.” Second Edition. 8vo, pp. ix + 589. Lon- 
don, 1949: Longmans, Green and Co., Ltd. (Price 60s.) 

The publication of a second edition of the Dictionary 
compiled by Dr. S. Miall was rendered necessary by the 
destruction of stocks during World War II, and the oppor- 
tunity has been taken to revise and bring it up-to-date by 
the inclusion of new material, mainly concerned with 
recently developed drugs and plastics, and advances in 
atomic physics. The first edition has been reviewed in 
these pages (see Journ. I. and S8.I., 1940, No. II, p. 129). 

The rapid growth of chemical knowledge renders the task 
of selection of material for a single volume very difficult, 
and the compilers are to be congratulated on their choice 
of a great amount of useful information for presentation in 
a limited space, while maintaining a balance between 
applied, theoretical, and historical knowledge. Assisted 
by a panel of experts in various fields, they have covered 
the terms of chemistry, crystallography, and chemical 
engineering, and given brief accounts of many chemical 
operations and substances, including drugs, vitamins, and 
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other compounds of biochemical importance, biographical 
notes on leading chemists, and a table of the principal 
physical constants of some 1800 organic compounds. 

This dictionary is in no way a treatise, but rather a 
handbook for ready reference, which should prove valuable 
not only to chemists but also to doctors, physiologists, 
manufacturers and works staff, chemical engineers, patent 
agents, and others whose work brings them into contact 
with chemical matters.—K. E. Jermy. 


SHracerR, A. M. “ Hlementary Metallurgy and Metallo- 


graphy.” 8vo, pp. x + 297. Illustrated. New York, 
1949: The Macmillan Co. (Price $4.75) 

Primarily intended as an introduction to metallurgy for 
technical college students, this book will also be of value 
to the man on the works who has had little metallurgical 
training, and to executives, administrators, sales staff, and 
others in non-technical positions in the metal industry. 

The bulk of the work concerns process metallurgy, 
although the elements of metal structure, alloy constitution, 
and behaviour under thermal treatments and mechanical 
stresses are discussed ; the structures of the metals and 
alloys considered are illustrated by photomicrographs and 
diagrams, and one chapter is given to methods of testing 
and control. The sources and methods of extraction of 
the common metals are described, together with the 
properties and uses of the final products. The greater 
part of the work deals with the various processes of iron 
and steel manufacture, cast and wrought irons and electric 
steels being included as well as pig iron and open-hearth 
and Bessemer steels. The remainder of the metals dealt 
with are copper, aluminium, magnesium, zinc, and their 
principal alloys, including brasses, bronzes, and other alloys 
of the metals for casting or working. The shaping and 
working of metals are treated, with some particulars of 
foundry practice, including precision casting, and of powder- 
metallurgy processes. 

Within the framework of an elementary treatment, the 
work is very comprehensive, and the photographs, photo- 
micrographs, and diagrams are clear and realistic. The 
book is rounded off by a useful bibliography, glossary, and 
tables of physical constants.—K. E. JErmy. 

SMITHELLS, C. J. “* Metals Reference Book.” 8vo, pp. xv 

735. Illustrated. London, 1949: Butterworths Scien- 
tific Publications. (Price 60s.) 

This reference book of data relating to metallurgy and 
metal physics is so outstandingly useful and comprehensive 
that it deserves world-wide distribution. The editor is 
Dr. Smithells, and he has been assisted by seven associate 
editors, all well known and eminent men. The data is, in 
general, presented in the form of tables or diagrams, 
although, where necessary, short monographs have been 
included. A useful feature is the inclusion of a short 
bibliography at the end of each section, which enables the 
reader to refer to the more important original sources. The 
contents are listed under 35 headings, and there is also a 
simple but adequate index so that required data can be 
quickly located. 

The scope of this book is so wide that it cannot be detailed 
within the limits of a short review, and so particular 
reference will only be made to a few of the sections which 
contain information that usually is not easily available. 

The section on equilibrium diagrams will undoubtedly 
often be referred to. It contains in all rather more than 
450 thermal equilibrium diagrams. It does indeed appear 
to give all the metal thermal equilibrium diagrams that 
have been published. 

The section on geochemistry also deserves mention. It 
details inter alia the geochemical classification of elements, 
frequency of elements in the earth’s crust, chemical succes- 
sion of sediments, geochemistry of some of the elements, 
and occurrence of elements. Another section that many 
readers will find particularly useful is that dealing with 
thermodynamical data. This contains tables giving the 
latent heats and temperatures of fusion, vaporization, and 
transition, changes in volume on melting of the elements, 
the latent heats and temperatures of fusion of a number 
of intermetallic compounds, and the latent heats and 
temperatures of fusion, vaporizations, and transition of a 
number of metallurgically important compounds. The 
sections on line spectra of the elements and X-ray crystallo- 
graphy are particularly comprehensive. Besides conversion 
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tables and lists of mathematical formule there are also 
sections devoted to hard metals, deep-drawing properties, 
lubricants, refractory materials, fuels, controlled atmo- 
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spheres for heat-treatment, polarographic analysis, welding, 
etc. At the published price of 60s. this is by no means 
an expensive book.--J. FERDINAND KAYSER. 
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VIR ARTHUR MATTHEWS was born at Hyde, Cheshire, on [5th June, 1886. He was 
S educated at Leys School, and at Jesus College, Cambridge, where he took 
engineering degree. 

After completing his University training, he commenced his business career at 
the age of twenty-one by becoming an apprentice at the Openshaw Works of Messrs. 
Armstrong Whitworth and Company, Ltd., passing through the various department 
of the company, including the pattern shop, iron foundry, machine shops, and fitting 
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and erecting shops. Before going on to the steelworks and forging departments o 
the same company, he spent several months in the costs and accounts sections. After 
acting as assistant to the Works Manager, he was appointed Acting Works Manager 
1914, and in 1916 became Works Manager in the steelworks, engineering, and ordnance 
departments at Openshaw. He was awarded the O.B.E. during the First World War 

In 1922, he joined Messrs. Thomas Firth and Sons, Ltd., as Works Manager and 
Local Director. On the amalgamation of that firm with the steel-producing interest 
of Messrs. John Brown and Company, Ltd., in 1931, he was appointed Works Genera 
Manager and Local Director, including responsibility for their Scunthorpe Foundry 
He was appointed a Director of Messrs. Thomas Firth and John Brown, Ltd., in 1934, 
Assistant Managing Director in 1938, and Managing Director in 1944. He is also a 
Director of Messrs. John Brown and Company, Ltd., Firth Brown Tools, Ltd., Firth 
Vickers Stainless Steels, Ltd., Markham and Company, Ltd., and Chairman of the British 
Acheson Electrode Company, and of Firth Derihon Stampings, Ltd. 

At the outbreak of war in 1939 he became Chairman of the Aircraft Special and 
Alloy Steels Committee, initiated by Lord Beaverbrook at the Ministry of Aircraft 
Production for dealing with emergency supplies. Later, at the request of Sir Charles 
Wright, Iron and Steel Controller of the Ministry of Supply, he became Chairmar 
of his Advisory Committee of Special and Alloy Stee! Supplies. He was knighted 
1941. 

Sir Arthur has been a Member of The Iron and Steel Institute since 1921, and 
became a Member of Council in 1946. He is also a Member of the Institution of 
Mechanical Engineers. He isa Member of the Council and Executive Committee of the 
British lron and Steel Federation, Chairman of the National Forgemasters' Association, 
and of the Federated Forgemasters’ Association, and a Member of Lloyds’ Technical 


Committee. 
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